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FOREWORD 


New  highs  in  the  strengths  of  aluminum  alloy  products 
were  the  object  of  Contract  No.  DA-36-034-ORD-3559RD.  This 
contract  has  been  successfully  completed.  The  final  report 
covers  all  the  work  done  on  the  contract  since  its  beginning  in 
September  1961,  and  is  divided  into  three  parts: 

I.  Outline  of  information  on  the  most  promis¬ 
ing  alloys.  The  preferred  processes  and 
compositions  are  described. 

II.  Fabricating  Development. 

The  development  of  the  processes  which 
achieved  the  desired  properties  and  products 
is  described,  and  recommendations  for 
further  study  are  made. 

III.  Alloy  Development. 

The  development  of  alloy  compositions 
and  thermal  practices  which  achieved  the 
desired  properties  is  described,  and  recom¬ 
mendations  for  further  study  are  made. 
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l 33TRACT  -  SECTION  III 

The  objectives  of  this  alloy  development  research 
program  wares  (1)  aluminum  alloys  with  125,000  psi  yield 
strength,  (2)  aluminum  alloys  with  yield  strengths  at  least 
10%  higher  than  commercial  alloys  with  no  sacrifice  in  reais- 
tance  to  stress  corrosion  cracking  (SCC) ,  and  (3)  determi¬ 
nation  of  tensile  properties  at  elevated  and  cryogenic  tem¬ 
peratures,  impact  properties,  tear  properties,  electrical 
conductivities,  hardness,  and  fatigue  strengths.  All  ob¬ 
jectives  have  been  met  by  APM  (Aluminum  Powder  Metallurgy) 
extrusions  made  from  prealloyed  atomized  powders  using  alloys 
which  combine  precipitation  and  dispersion  hardening. 

1.  A  yield  strength  of  124,000  psi  was  obtained  in 
Alloy  50  containing  Al,  9.8  Zn,  4.0  Mg,  0.8  Cu, 

1.1  Mn,  1.0  Pe,  1.3  Ni,  0.01  Cr  and  0.01  Ti  after 
solution  heat  treating  for  0.5  hours  at  920*F, 
quenching  at  2, 000-25, 000*F/sec. ,  and  aging  at 
225*P  for  96  hours. 

2.  (a)  -  Alloy  87  containing  Al,  7.6  Zn,  2.5  Mg, 

1.1  Cu,  2.2  Fe,  2.3  Ni  and  0.2  Cr,  solution 
heat  treated  2  hours  at  860"F,  quenched  in  cold 
water  after  aging  for  6  hours  at  250*F  plus 

8  hours  at  330"F  had  a  yield  strength  11%  higher 
than  7075-T7351  and  did  not  fail  in  A. I.  (alternate 
immersion)  when  stressed  at  75%  of  Y.S. 

(b)  -  Alloy  71  containing  Al,  9.2  Zn,  3.6  Mg, 

0.6  Cu,  0.75  Co  and  solution  heat  treated  for 

2  hours  at  860*F,  quenched  in  cold  water  and 
after  aging  24  hours  at  250"F  had  a  yield 
strength  14%  higher  than  7178-T651  and  did  not 
fail  in  A.*  when  stressed  at  25%  of  Y.S. 

(c)  -  Alloy  71  after  aging  24  hours  at  250"F  plus 

3  hours  at  330"F  had  strengths  equal  to  7178-T651 
and  the  threshold  stress  in  A. I.  was  at  least 
twice  as  high  as  7 17 8 -TS 51. 

The  strengths  of  some  APM  alloys  are  higher  than 
commercial  alloys  from  -112*F  to  350"F.  Fatigue  strengths  of 
smooth  specimens  of  those  APM  alloys  are  higher  than  commercial 
7075-T6  and  fatigue  strengths  of  notched  specimens  are  at  least 
as  high.  Impact  and  tear  properties  are  low  but  may  be  improved 
by  further  changes  in  composition,  fabrication  and  heat  treatment. 

When  heat  treated  to  maximum  strengths,  dispersion 
hardeners  raise  strengths  slightly  but  the  elongation  of  such 
alloys  is  so  low  that  the  potential  usefulness  is  very  limited. 
When  "overaged"  to  lower  strengths,  however,  dispersion  hardeners 
make  a  very  important  contribution  to  resistance  to  SCC. 

The  structures  were  studied  by  light  and  electron 
microscopy.  X-ray  diffraction  and  electron  microprobe. 
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Shows  the  structure  of  Alloy  52  powder  extrusion  that 
had  been  step-aged  24  hrs  at  250*F  +  20  hrs  at  330*F 
after  solution  heat  treatment. 

FIGURE  50 . 142 

Shows  the  structure  (longitudinal  section)  of  the 
extrusion  made  from  Alloy  71  powder.  The  extrusion 
was  S.H.T.  2  hrs  at  860*F,  C.W.Q.  and  Aged  24  hrs 
at  250®F. 

FIGURE  51 . 143 

Extrusion  from  Alloy  71  powder  that  had  been  step 
aged  24  hrs  at  250*F  +  20  hrs  at  330°F  after  S.H.T. 

Note  increased  amount  of  grain  boundary  precipitation. 

FIGURE  1  -  APPENDIX  B . 156 

The  Effect  of  Prolonged  Aging  on  Hardness  of  Alloy  52 

FIGURE  1  -  APPENDIX  C . 158 

Rotating-Beam  Fatigue  Curves  for  APM  Extruded  Rod 
2-in.  Diameter 

FIGURE  2  -  APPENDIX  C . 159 

Rotating-Beam  Fatigue  Curves  for  APM  Alloy  71 
2-in.  Diameter  Extruded  Rod 

FIGURE  3  -  APPENDIX  C . 160 

Rotating-Beam  Fatigue  Curves  for  APM  Alloys  85  and  86 
2-in.  Diameter  Extruded  Rod 


i 


INTRODUCTION 


The  powder  metallurgy  approach  to  alloy  development  has 
several  attractive  features.  Atomization  of  alloys  from  the  melt 
permits  the  use  of  higher  concentrations  of  alloy  elements  than 
is  possible  in  ingot  metallurgy  where  the  cooling  rate  is  slow 
relative  to  atomizing  cooling  rates.  Thus  compositions  which 
result  in  such  coarse  constituents  in  ingots  that  properties  or 
fabricability  are  impaired,  and  which  result  in  ingot  cracking, 
can  be  made  by  atomizing.  The  structure  of  atomized  alloy  powders 
is  very  similar  to  that  of  ingot  except  that  powder  structures 
are  several  orders  of  magnitude  finer.  This  can  be  carried  over 
into  the  products  made  from  powder  with  the  result  that  wrought 
products  made  from  atomized  alloys  can  have  a  very  fine  structure. 
Powder  metallurgy  makes  possible  the  fabrication  of  dispersion 
hardened  alloys  and  also  alloys  combining  dispersion  hardening 
with  precipitation  hardening. 

Before  this  contract  began,  it  was  known  that  high 
strength  aluminum  alloy  extrusions  could  be  made  from  prealloyed 
atomized  powder.  The  alloys  fell  into  three  classes:  (1)  dis¬ 
persion  hardened  alloys  which  are  characterized  by  a  high  liquid 
solubility  and  a  low  solid  solubility  at  room  and  elevated  tem¬ 
peratures;  (2)  precipitation  hardened  alloys  which  are  character¬ 
ized  by  a  high  liquid  solubility,  a  high  solid  solubility  at 
high  temperatures  and  a  low  solid  solubility  at  room  and  inter¬ 
mediate  temperatures;  and  (3)  alloys  combining  the  character¬ 
istics  of  the  dispersion  hardened  and  precipitation  hardened 
systems.  Examples  of  the  three  classes  from  ARL  work  are: 
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(1)  4.5  Pe,  7.0  Ni 

(2)  6.0  Zn,  2.7  Mg,  1.6  Cu,  .2  Cr 


69,000  psi 
94,000  psi 


(3)  5.7  Pe,  5.5  Ni,  5.3  Zn,  2.4  Mg,  1.7  Cu,  .2  Cr  112,000  psi 
Other  examples  can  be  cited  from  the  work  of  S.  G.  Roberts  (Ref.  1, 


6,  7  and  8) i 


(1)  5.0  Mn,  2.0  Zr,  0.5  Ti,  0.5  V 


59,000  psi 


(2)  9.8  Zn,  3.2  Mg,  1.98  Cu,  0.2  Cr  114,000  psi 

(3)  12.4  Zn,  2.5  Mg,  2.2  Cu,  3.3  Pe  122,000  psi 

For  the  purposes  of  this  investigation,  Zn,  Mg,  and  Cu  are 
considered  to  be  the  elements  which  contribute  the  most  to  precipi¬ 
tation  hardening.  The  dispersion  forming  elements  include  Mn,  Fe, 

Ni,  Cr,  Ti,  V,  zr,  Co,  Mo,  and  W. 

It  had  been  found  in  ARL  investigations  that  high  strength 
powder  metallurgy  alloys  of  the  Al-Zn-Mg-Cu-Cr  type  sometimes  had 
unusually  good  resistance  to  SCC  (stress  corrosion  cracking)  even  in 
the  short  transverse  direction  when  the  alloys  were  heat  treated  and 
aged  to  their  highest  strengths,  but  the  results  were  erratic. 

Roberts  raised  the  question  of  SCC  in  alloys  of  this  type  because  of 
their  structure  but  reported  no  test  results  to  support  this  specu¬ 
lation. 

Roberts  used  extrusions  which  were  too  small  to  permit 
testing  for  transverse  tensile  properties.  The  extrusions  used  in 
ARL  investigations  prior  to  this  contract  were  large  enough  to  permit 
the  determination  of  transverse  properties,  but  low  quality  of  the 
extrusions  frequently  vitiated  the  results.  After  the  development 
of  a  method  for  making  high  quality  extrusions,  which  is  described 


in  detail  in  Section  II  of  this  report/  it  was  possible  to  get 
reliable  results  in  tensile  tests  and  SCC  tests  in  the  transverse 
direction. 


OBJECT  OF  SECTION  III 

Develop  an  aluminum  alloy  with  a  yield  strength  of 
125,000  psi. 

Develop  an  aluminum  alloy  with  a  yield  strength  at  least 
10%  higher  than  commercial  alloys  without  a  sacrifice  in  resis¬ 
tance  to  stress  corrosion  cracking. 

Determine  tensile  properties  at  cryogenic  and  elevated 
temperatures,  impact  properties,  tear  properties,  electrical 
conductivities,  hardness,  and  fatigue  properties. 

MATERIALS 

1.  Powders  prepared  as  described  in  Section  II  of  this  report 
and  having  the  compositions  shown  in  Table  I. 

2.  Two-inch  diameter  extrusions  prepared  as  described  in  Section 
II  -  Fig.  6  and  having  the  compositions  shown  in  Table  II. 

3.  0.100  iiv  sheet  prepared  by  rolling  as  described  in  Section  II 
or  machined  from  2  inch  dia.  extrusions. 

RESULTS  AND  DISCUSSION 

I.  Aluminum  Alloys  With  125,000  psi  Yield  Strength 
A.  Selection  of  Alloys 

Various  approaches  were  used  in  the  alloy  selection. 


Alloys  1-3  were  based  on  earlier  work  performed  at  ARL.  Mr.  S.  G. 
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Roberts  reported  0.25  in.  die.  extrusions  made  from  atomized  powders 
of  the  same  composition  as  Alloys  4-6  had  very  high  strengths  (Ref. 

1) .  Compositions  7-18  contained  two  levels  of  Zn,  8%  and  121,  and 
a  fixed  level  of  Mg  and  Cu  to  which  various  amounts  of  dispersion 
hardening  elements  were  added.  The  base  levels  of  Zn,  Mg  and  Cu  in 
these  alloys  were  chosen  from  results  of  prior  work  at  ARL. 

Quaternary  Alloys  19-3*  constitute  a  broad  survey  of  certain 
phase  fields  in  the  Al-Zn-Mg-Cu  system  (Table  III).,  Some  of  these 
alloys  are  outside  the  limits  of  ingot  metallurgy.  Some  of  them  also 
served  as  a  base  for  evaluating  the  effects  of  dispersion  hardening 
additions.  Many  of  the  earlier  alloys  lay  in  the  a  +  J  and  a  +  M 
phase  fields  at  860*F  (Ref.  2) .  The  other  phase  fields  investigated 
are  listed  in  Table  III. 

Alloys  32-34  and  36-40  were  suggested  from  observed  trends. 
Alloy  35  was  raised  to  u  higher  Mn  level  than  Alloy  33,  so  that  the 
Mn  would  exceed  the  solid  solubility.  Alloys  41  and  42  were  selected 
to  evaluate  the  effects  of  large  amounts  of  Al-Mg-Cr  constituents  on 
tensile  properties.  Alloys  43-59  were  selected  on  the  basis  of 
statistical  analysis  from  data  generated  on  Alloys  1-39.  A  dis¬ 
cussion  of  this  and  other  statistical  analyses  is  found  in  Appendix  A. 

It  was  expected  that  the  effect  of  omitting  dispersion 
hardeners  could  be  determined  by  comparing  Alloys  60  and  61  with  39 
and  50  (or  52)  respectively.  Alloy  60  is  similar  to  Alloy  39  with 
a  lower  Mn  level,  1.7%  versus  0.77;  Alloy  61  is  similar  to  Alloys 
50  and  52  without  any  dispersion  hardeners  present.  However,  the 
comparison  was  confused  by  unintentional  variations  in  Zn  and  Mg. 
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Alloys  62-74  are  nodificationa  of  Alloy  32.  Alloys  75-84  are 
modifications  of  7178.  Alloys  85-87  and  90  are  Modifications 
of  Alloy  34.  Alloys  88  and  89  are  the  sasw  compositions  as  79 
and  87  respectively,  but  the  former  are  Mixtures  of  powders 
instead  of  prealloyed  powders. 

B. _ Properties  of  Extrusions 

1.  Tensile  Properties 

Table  II  susMiarises  the  properties  of  the  extrusions. 
Attention  is  called  to  the  ultrasonic  rating!  over  759  of  the 
sections  examin'd  exceeded  SNT  Class  A  with  95%  Meeting  or 
exceeding  Class  A. 

The  densities  of  the  extrusions.  Table  II,  are  probably 
essentially  1009  of  theoretical,  based  on  the  absence  of  porosity 
seen  in  metal lographic  examinations.  The  values  in  Table  II  were 
derived  from  the  measured  densities  of  the  powders  in  Table  I  by 
multiplying  the  density  of  the  powder  by  1.014  after  it  was 
determined  that  the  density  of  the  extrusion  was  1.1  to  1.79 
higher  than  that  of  powder  (Table  IV) .  This  difference  between 
extrusions  and  powders  is  due  to  sealed  pores  in  the  atomised 
powder  particles  which  are  not  filled  by  the  liquid  in  the  deter¬ 
mination  of  density  by  the  pycnometer  method.  This  difference  in 
density  could  also  be  due  in  part  to  techniques  used  to  SMtanure 
density  of  powder  and  extrusion  and  also  to  structural  changes  in 
fabrication  and  heat  treatment.  In  Table  IV  it  is  seen  that  the 
density  of  the  heat-treated  and  aged  extrusions  is  about  0.39  less 
than  that  of  the  as-extruded  material.  This  is  typical  of 
Al-Sn-Mg-Cu  alloys  produced  in  conventional  ways  (Ref.  3)  and 
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gives  further  evidence  of  the  soundness  and  low  gas  content  of  the 
extrusions  made  from  powder  by  the  process  described  in  Section  II. 

The  tensile  properties  of  the  alloys  are  compared  in  Table 
II  in  one  or  two  heat  treated  conditions:  (1)  solution  heat  treated 
in  2  in.  dia.  sections  for  2  hours  at  860*P,  quenched  in  cold  water, 
aged  for  24  hours  at  250 *P  or  (2)  solution  heat  treated  in  1  in.  x 
1  in.  quadrants  for  0.5  hours  at  920*F,  quenched  in  cold  water,  aged 
for  96  hours  at  225*F.  In  general,  the  second  heat  treatment  resulted 
in  higher  strengths.  The  highest  yield  strength  for  Heat  Treatment 
#1  is  112  ksi  for  Alloy  38;  the  highest  yield  strength  for  Heat 
Treatment  12  is  117  ksi  for  Alloys  38  and  70.  Incidentally,  Alloys 
73,  74,  76-78 ,  80,  81,  84,  88  and  89  were  not  tested  after  it  became 
desirable  to  use  available  funds  in  other  parts  of  the  program. 

The  longitudinal  tensile  properties  are  generally  uniform 
between  the  front  and  back  of  the  extrusions;  the  greatest  difference 
for  Heat  Treatment  tl  is  5,200  psi.  Transverse  yield  Ftrengths  were 
usually  not  determined  since  failure  occurred  before  a  0.21  offset 
was  reached.  The  strain  followers  were  damaged  in  some  cases  due 
to  premature  failures,  therefore  only  the  tensile  strengths  were 
usually  measured.  The  transverse  tensile  strength  is  much  lower  than 
the  longitudinal  value  and  greater  variations  exist  between  the  front 
and  back.  The  greatest  differences  are  63,200  psi  for  Alloy  66  and 
39,10G  psi  for  Alloy  9;  these  large  differences  are  probably  a  result 
of  internal  defects.  The  higher  property  is  probably  more  repre¬ 
sentative  of  the  potential  of  the  alloy. 

The  heat  treatments  reported  in  Table  II  do  not  necessarily 
develop  the  highest  properties  in  these  alloys.  Examples  of  increases 
which  can  be  obtained  are  shown  in  Table  V  where  it  is  seen  that 


combinations  of  higher  solution  heat  treat  temperature ,  longer 
aging  times ,  and  lower  aging  temperatures  tend  to  raise  tensile 
strengths;  the  effectiveness  of  these  treatments  depends  on 
alloy  composition.  Higher  solution  heat-treat  temperatures, 
however,  tend  to  increase  cracking  and  splitting  during  quench¬ 
ing.  The  t>isile  strength  of  Alloy  39  was  raised  to  122  ksi 
by  a  solution  heat  treatment  of  2  hours  at  92Q*F  followed  by 
aging  for  96  hours  at  225*F.  The  time  at  solution  heat  treat¬ 
ment  temperatures  may  also  affect  properties  slightly  as  shown 
in  Table  VI,  which  suggests  that  highest  strengths  are  obtained 
with  shortest  times. 

Tensile  and  yield  strengths  increase  with  increasing 
quench  rates  as  shown  in  Table  VII,  Figure  1,  and  L'igure  2.  The 
quench  rates  are  only  rough  estimates,  but  the  trend  is  at  least 
qualitatively  reliable.  The  high  strength  objective  of  this 
contract  was  substantially  achieved  by  Alloy  50  having  a  tensile 
strength  of  127,500  psi  and  a  yield  strength  of  124,000  psi  when 
solution  heat  treated  for  0.5  hours  at  920*F,  quenched  at  2,000- 
25,000*F/sec. ,  and  aged  for  96  hours  at  225*F.  The  highest  Y.S.t 
density  (1.17  x  106  in.)  was  found  in  Alloy  52  when  solution  heat 
treated  for  0.5  hours  at  920*F,  quenched  at  approximately  25,000*F/ 
sec.,  and  aged  for  96  hours  at  225*F. 

The  compact  preheat  temperature  can  have  an  effect  on 
quench  sensitivity  as  shown  in  Figure  2  for  Alloy  50.  A  900#F 
preheat  results  in  a  higher  quench  sensitivity  than  a  1000*F 
preheat.  The  same  trend  was  observed  in  Alloy  52. 
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2.  Tensile  Properties  at  Cryogenic  and 

Elevated  Temperatures _ 

The  ten  alloys  evaluated  at  cryogenic  and/or  elevated  tem¬ 
peratures  are  listed  in  Table  VIII.  Only  four  alloys  were  tested 
below  room  temperature.  Properties  of  7075-T6  and  X2020-T6  extru¬ 
sions  fabricated  from  ingot  are  included  also  for  purposes  of  com¬ 
parison.  The  effect  of  the  temperature  on  tensile  strengths  is  best 
illustrated  in  Figure  3.  (Alloy  52  is  the  only  APM  alloy  shown 
since  the  other  alloys  responded  in  a  similar  fashion.)  The  APM 
alloy  has  a  definite  strength  advantage  up  to  about  375°F,  above 
which  X2020-T6  takes  over. 

The  effect  of  time  at  temperature  on  the  tensile  properties 
of  Alloy  52  was  also  investigated;  the  results  are  given  in  Table  IX 
and  Figure  4  and  5.  Again  the  APM  alloy  has  the  highest  strength  up 
to  about  375°F  at  which  time  X2020-T6  surpasses  it.  The  lack  of 
data  for  Alloy  52  between  212°F  and  400°F  leaves  some  question  as 
to  whether  this  alloy  has  a  curve  as  illustrated  in  Figure  3  or  one 
more  similar  to  that  of  7G75-T6. 

3.  Notch  Toughness  and  Tear  Resistance 

The  notch  toughness  and/or  tear  resistance  of  Alloys  38, 

52,  62,  64  and  71  were  determined.  The  former  property  was  evaluated 
by  use  of  the  Izod  impact  test  on  heat  treated  2  in.  dia.  extruded 
rod  machined  into  test  specimens  as  specified  by  ASTM  Standard 
E-23-60T.  The  tear  resistance  was  evaluated  by  means  of  a  Kahn-Type 
tear  test  on  0.10  in.  thick  sheet.  This  sheet  was  produced  by  either 
rolling  of  1  in.  x  4-1/4  in.  extruded  slab  or  machining  a  "sheet  type" 
specimen  from  a  2  in.  die.,  extrusion.  This  test  measures  the  energy 
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necessary  to  initiate  a  crack  in  the  specimen  and  the  energy  $ 

necessary  to  propagate  this  crack  to  complete  failure  and  is 
described  in  Ref.  4. 

The  Izod  impact  tests  revealed  the  brittleness  of  the 
APM  alloys  and  the  impact  resistance  is  closer  to  that  of  casting 
alloys  than  to  extruded  material.  Table  X.  The  sheet  rolled  from 
extrusions  was  very  notch  sensitive,  the  energy  required  to 
initiate  a  crack  ranging  from  1.2  to  2.4  in. -lb.  Once  the  crack 
was  initiated,  it  propagated  without  additional  energy  being 
needed  until  complete  failure  occurs.  This  is  much  lower  than 
the  values  usually  obtained  from  sheet,  and  is  even  lower  than 
values  obtained  for  castings. 

The  tear  resistance  of  certain  step  aged  0.10  in.  thick 
sheet  machined  from  2  in.  dia.  extrusions  compared  favorably 
with  commercial  alloys.  Table  XI.  The  tear  strength  to  yield 
strength  ratios  are  generally  lower  than  the  commercial  alloys 
because  of  the  higher  yield  strengths  obtained  for  the  APM  alloys. 

Alloy  71  looks  promising  when  compared  with  7178-T6. 


4.  Electrical  Conductivity 

Heat  treated  slices  of  2  in.  dia.  rod  and  rolled  1  in. 
x  4-1/4  in.  extrusions  were  measured  using  the  Magnatest  type 
FM-100  Conductivity  meter  (Table  XII) .  Conductivities  follow 
patterns  generally  expected  from  compositions  and  thermal  practices. 

5.  Hardness 

Hardness  tests,  both  Brinell  and  Rockwell,  were  made  on 
APM  products  to  determine  the  values  and  tj  try  to  correlate  a 


;i  ‘ 

"4  | 


.  t 


k 


possible  relationship  between  hardness  and  tensile  strength.  The 
hardness  values  were  higher  than  those  usually  obtained  for  alumi¬ 
num  but  the  test  results  were  net  reproducible.  The  data  are 
summarized  in  Appendix  B. 

6 .  Fatigue  Tei  cs 

The  fatigue  endurance  limits  of  certain  alloys  were  in¬ 
vestigated  using  &  rotating  beam  specimen  in  both  smooth  and  notched 
configurations.  The  results  are  discussed  in  Appendix  C. 


C.  Effectiveness  of  Dispersion  Hardening 

One  of  the  original  objectives  of  this  investigation  was 
to  determine  the  feasibility  of  obtaining  high  tensile  strengths  by 
combining  dispersion  hardening  with  precipitation  hardening.  That 
this  approach  is  effective,  at  least  to  a  limited  extent,  is  seen 
from  the  fact  that  the  highest  yield  strength  obtained  in  the  entire 
investigation  was  in  an  alloy  containing  significant  amounts  of  Mn, 

Fe,  and  Ni  in  addition  to  Zn,  Mg,  and  Cu.  Furthermore,  the  highest 
Y.S.  to  density  ratio  was  obtained  in  an  alloy  containing  a  large 
amount  of  Co  in  addition  to  Zn,  Mg,  and  Cu. 

It  is  well,  however,  to  make  a  judgment  as  to  the  effective¬ 
ness  of  the  combination  of  dispersion  hardening  and  precipitation 
hardening  by  comparing  that  kind  of  alloy  with  precipitation  hardened 
alloys  using  the  results  in  Table  II.  The  properties  for  Heat  Treat¬ 
ment  91  in  Table  II  have  been  arranged  in  groups  according  to  Zn,  Mg, 
and  Cu  content  in  Table  XIII.  It  is  seen  that  dispersion  hardeners 
generally  tend  to  raise  tensile  and  yield  strengths  (at  least  up  to 
a  point)  and  to  lower  elongations. 
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lt  is  also  fairly  clear  that  there  is  a  maximum  in  the  yield 
strength-amount  of  dispersoid  relationship  with  that  maximum 
depending  on  the  Zn,  Mg,  and  Cu  content  as  well  as  on  the  specific 
dispersoids  present.  In  all  cases,  however,  the  alloys  contain¬ 
ing  dispersoids  have  such  low  elongations  when  heat  treated  to 
high  strengths  that  the  usefulness  of  the  alloys  will  be  very 
limited. 

Another  means  of  comparing  the  two  types  of  alloys  is 
on  the  basis  of  elongation  at  a  given  yield  strength-to-density 
ratio.  This  is  done  in  Table  XIV  in  which  it  appears  that  the 
two  types  of  alloys  are  about  the  same  at  Y.S.tdensity  greater 
than  0.95  x  10  6  and  that  the  precipitation  alloys  tend  to  be  more 
ductile  at  Y.S.sdansity  values  of  0.95  and  lower. 

An  attempt  was  made  to  assess  the  effects  of  disper¬ 
sion  hardening  elements  on  tensile  properties  by  various  computer 
analyses  of  results  obtained  in  this  investigation.  While  these 
were  not  very  successful  in  predicting  results,  they  are  included 
in  Appendix  A  for  the  record.  The  highest  predicted  yield 
strength  for  any  powder  metallurgy  extrusion  was  127,000  psi 
for  Heat  Treatment  #1.  It  is  interesting  to  compare  this  with 
a  predicted  maximum  of  122,000  psi  for  3/4  in.  dia.  extrusions 
made  from  ingot  in  another  investigation.  Allowing  for  the  effect 
of  difference  in  quench  rate  between  3/4  in.  and  2  in.  dia.  rod, 
these  analyses  would  indicate  an  advantage  of  8-10  ksi  for  the 
powder  metallurgy  product.  However,  the  very  low  elongations  of 
all  of  the  aluminum  alloy  materials  in  '..his  strength  range  make 
these  differences  academic;  in  practice  these  high  strengths  are 
not  obtained  consistently,  possibly  due  to  the  difficulties 


associated  with  making  tensile  tests  on  extremely  brittle  materials 
The  effectiveness  of  dispersion  hardening  in  alloys  which 
also  contain  precipitation  hardening  elements  can  be  judged  to  some 


extent  from  the  response  of  the  alloy  to  factors  affecting  dis¬ 
persion  hardening.  The  strength  of  dispersion  hardened  alloys  based 
solely  on  intermetal lie  compounds  having  low  solid  solubility  at 
elevated  temperatures,  e„g.,  FeAl3,  FeAlg,  FeNiAlg,  C02AI9,  MnAlg, 
etc. ,  is  a  function  of  the  volume  percent  of  the  dispersed  phase  and 
an  inverse  function  of  the  spacing  between  the  particles  of  that 
phase.  The  interparticle  spacing  for  a  given  volume  percent  can  be 
minimized  by  keeping  the  times  and  temperatures  at  a  minimum  during 
preheating,  fabrication  and  heat  treatment,  and  by  using  finer 
atomized  powders. 

The  effects  of  shorter  preheat  times  and  lower  preheat 
temperatures  were  generally  opposite  to  those  expected  as  shown  in 
Table  XV.  Die  quenching,  which  minimizes  times  at  elevated  tempera¬ 
tures  by  eliminating  a  separate  heat  treating  operation,  also  gave 
unexpected  results  as  shown  in  Table  XVI. 

Finer  powders  gave  higher  longitudinal  strengths  than  he 
normal  powder  in  the  case  of  Al-Zn-Mg-Cu  alloys  given  Heat  Treatme  c 
#2  in  Table  XVII,  but  the  reverse  was  true  for  A?.-Zn-Mq  alloy  and 
for  both  types  of  alloys  for  Heat  Treatment  #1.  Finer  powders  (Table 
XVIII)  may  give  higher  transverse  strengths  than  normal  powders,  but 
the  wide  scatter  in  data  shown  in  Section  II  -  Table  VIII  requires 
that  this  conclusion  be  treated  with  reservations. 

D.  Summary 

Higher  tensile  strengths  than  ever  reported  before  for  Al 
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alloys  have  been  achieved  by  combining  dispersion  hardening  and 
precipitation  hardening.  These  high  strengths  may  not  be  ob¬ 
tainable  with  precipitation  hardening  alone.  The  extremely  low 
ductility,  low  impact  strength  and  low  tear  strength  associated 
with  these  high  tensile  strengths  and  the  specialized  processes 
required  to  achieve  them  will  seriously  limit  the  usefulness  of 
these  alloys.  Practical  considerations  probably  would  favor 
extrusions  made  from  ingot  over  extrusions  made  from  powder. 


II.  Development  of  Aluminum  Alloys  With  Yield  Strength  10% 

Higher  Than  Commercial  Alloys  Without  Sacrificing 
p  _ Resistance  to  Stress  Corrosion  Cracking _ 

When  it  became  apparent  that  alloys  having  yield  strengths 
of  125,000  psi  would  have  very  low  elongations,  the  emphasis  of 
the  investigation  was  changed.  At  the  suggestion  of  Mr.  Harold 
Markus  of  Frankford  Arsenal,  it  was  agreed  to  try  to  develop  alloys 
and  practices  to  make  extrusions  which  had  10%  higher  yield 
strengths  than  currently  available  commercial  extrusions,  elonga¬ 
tions  of  at  least  5%,  and  resistance  to  SCC  (stress  corrosion 
cracking)  at  least  equal  to  commercial  alloys.  This  amounted  to 
two  targets  depending  on  strength  and  degree  of  resistance  to 
stress  corrosion  cracking,  based  on  7075-T7351  (the  strongest 
commercial  alloy  with  immunity  to  stress  corrosion  cracking)  and 


on  7178-T651. 


Typical  Tensile  Properties 
(of  Extrusions,  2-3**  Diameter) 
Longitudinal  Transverse 


Alloy 

T.S. 

ksi 

yTs: 

ksi 

El.  T 
in  4D 

f  .3. 
ksi 

Y.S 

ksi 

7075-T7351 

75 

66 

11 

62 

56 

7178-T651 

92 

84 

8 

83 

74 

ET7“% 
in  4D 

4 

5 


rs8 

[itudinal  Tensile  Proi 

- r. - 1 

>erties 

"Em¬ 

see* 

Targets 

ksi 

ksi 

in  4D 

ksi 

1 

83 

73 

5 

>44 

2 

101 

92 

5 

7 

*  Highest  sustained  tension  stress  in  short  transverse 
direction  at  which  test  specimen  does  not  fail  in 
the  3.5%  NaCl  alternate  immersion  test. 

The  attack  on  the  targets  was  to  be  two  pronged:  (1) 
longer  aging  times  and  higher  aging  temperatures  than  were  used  to 
develop  the  highest  tensile  strengths,  (2)  alloys  with  lower  amounts 
of  dispersoids. 

In  the  initial  tests  (Tables  XIX  and  XX),  it  was  found  that 
these  alloys  responded  to  extended  aging  with  much  higher  increases 
in  elongation  than  were  expected. 

Systematic  aging  studies  were  made  on  a  number  of  alloys 
using  2"  diameter  extrusions.  An  extensive  effort  was  made  to  use 
Rockwell  G  hardness  measurements  to  follow  the  aging,  but  it  was 
found  that  the  relation  between  hardness  and  strength  was  not  very 
clear  and  that  hardness  values  could  not  be  interpolated  accurately 
from  existing  hardness-aging  time  curves.  (The  hardness  values  are 
tabulated  in  Appendix  B  for  the  record.)  Tensile  property-aging  time 
relationships  for  Alloys  2,  3,  4,  5,  6,  19,  20,  28,  33,  36,  38,  39, 
49,  50,  52,  59,  60,  61,  and  71  are  tabulated  in  Tables  XXI  through 
XXXIX.  Some  of  the  data  are  plotted  in  Figures  6  through  11.  The 
results  of  stress  corrosion  tests  are  given  in  Tables  XXI  through 
XLIII  and  Figures  12  through  34. 

A  summary  of  stress-corrosion  cracking  results  is  given  in 
Table  XLIV  in  which  the  alloys  and  thermal  practices  are  listed  in 


order  of  decreasing  stress  levels. 


The  following  alloys  and  aging  treatments  meet  the 
strength  and  stress  corrosion  targets. 


Longitudinal  SCC 

T.S.  Y.S.  ITl  Stress  Days  to 


Alloy 

Aging 

ksi 

ksi 

in  4D 

ksi 

Failure 

Target  I: 

7075-T7351  + 

10%  With 

No  Failures  at 

75%  Y.S 

• 

83 

73 

5 

>48 

OK  84 

87  6  0 

250  +  8  0 

330 

90 

81 

7 

57 

OK  84 

87 

16  0  330 

86 

75 

1 

52 

OK  84 

79  6  0 

250  +  8  0 

330 

86 

79 

8 

54 

OK  84 

90  6  0 

250  +  8  0 

330 

84 

78 

8 

54 

OK  84 

Target  II: 

7178-T651  +  10%  Strength 
Corrosion,  Resistance 

Improvement 

,  Equal 

Stress, 

101 

92 

5 

7-20 

OK  84 

71 

24  0  250 

108 

105 

5 

22 

OK  84 

Target  III 

:  Better 

Stress  Corrosion 

Resistance 

Than  7178-T651 

92 

84 

5 

7-20 

OK  84 

71 

21  0  250 

108 

105 

5 

22 

OK  84 

90 

24  0  250 

99 

93 

5 

20 

OK  28 

71  24  0 

250  +  3  0 

330 

94 

88 

7 

40 

OK  84 

(The  alloys  were  all  SHT  2  hours  at  860*F  and  immediately  quenched 
in  cold  water  prior  to  aging.)  Target  III  was  not  included  as 
one  of  the  original  two  targets  but  was  considered.  A  more 
complete  summary  is  given  in  Table  XLV  which  lists  the  compo¬ 
sition  of  these  alloys  as  well  as  alloys  which  may  meet  the  tar¬ 
gets  with  adjustments  in  aging  practices. 
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The  susceptibility  of  APM  alloys  to  exfoliation  was  evalu¬ 
ated  on  1  in.  x  4-1/4  in.  extruded  sections  of  Alloy  52,  S.No.  293690 
using  an  improved  accelerated  test  of  acetic  acid-sodium  chloride 
intermittent  spray  at  95*F  for  a  2  week  exposure  (Ref.  5) .  The 
extrusions  were  sawed  such  that  surface  and  mid-  plane  surfaces  would 
be  exposed  in  the  as-extruded  (-W)  temper,  given  Heat  Treatment  II 
(SHT  2  hours  at  860*F,  C.W.Q.,  Aged  24  hours  at  250*F)  and  given 
Heat  Treatment  II  with  an  additional  step  at  <ng  of  4  h~***s  at  330*F. 
All  heat  treatments  were  conducted  pr<or  to  the  s<  pie  preparation. 
Generally,  the  mid-plane  and  surface  of  the  specimens  were  covered 
with  small  shallow  pits  and  a  mild  for  of  corrosion.  There  was  no 
indication  of  exfoliation  on  any  of  the  panels.  Extrusion  lines 
were  visible  on  the  panel  surface  afte’'  exposure.  Heat  Treatment  #1 
panels  resisted  the  corrosive  envir*  nment  best.  The  -W  temper  pieces 
ex? ibited  slightly  more  pitting;  the  step-aged  panels  had  more  pits 
than  the  as-extruded  panels. 

III.  Structure 

The  structures  of  atomized  alloy  powders  and  extrusions 
made  from  them  are  fine  relative  to  ingot  and  ingot  extrusions, 
and  the  structures  of  extrusions  are  coarser  than  the  powders 
from  which  they  were  made  (Figures  35-37). 

In  the  early  staqes  of  this  investigation,  large  con¬ 
stituent  particles  which  were  present  in  some  of  the  extrusions 
were  analyzed  by  electron  microprcbe  with  the  results  shown  in 
Table  XLVI .  It  was  concluded  from  the  analyses  that  Fe,  Ni,  Co,  and 
Mn  were  desirable  elements  for  dispersion  hardening  because  they 
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tended  to  be  absent  from  (or  present  in  relatively  sliqht  amounts 
in)  the  large  constituent  particles. 

Guinior  X-ray  diffraction  also  revealed  that  the  Zn,  Mg, 
Cu,  and  Mn,  were  present  in  the  sane  phases  in  powder  metallurgy 
extrusions  (Table  XPVII)  that  occur  in  products  made  from  ingot. 

After  it  became  apparent  that  Alloys  34,  87,  52,  and  71 
had  good  strengths  combined  with  good  resistance  to  SCC,  a  some¬ 
what  more  extensive  study  was  made  of  the  structure. 

Extrusions  of  these  alloys  all  had  essentially  the  same 
structures  when  viewed  by  the  light  microscope,  and  Figure  38 
showing  Alloy  71  in  the  -T6  condition  serves  as  an  example.  The 
two-step  aged  condition.  Figure  39,  shows  no  obvious  difference 
in  structure1,  but  may  contain  a  little  more  precipitate. 

The  electron  microprobe  was  used  to  analyze  14  to  15  of 
the  larger  particles  in  extrusions  of  Alloys  34,  87,  52  and  71,  as 
illustrated  by  the  black  phases  in  Figure  38,  Tables  XLVill  and 
XLIX.  It  was  determined  that  some  of  the  particles  were  oon 
metallic,  i.e.,  their  composition  could  not  he  entirely  accounted 
for  in  the  microprobe  analysis.  It  should  be  noted  that  the 
percentage  figures  reported  for  the  non-metaliic  particles  cannot 
be  considered  to  be  quantitatively  correct  because  of  uncompen¬ 
sated  absorption  effects  and  are  given  only  to  indicate  order  of 
magnitude.  The  percentage  figures  for  the  metallic  particles 
are  somewhat  more  meaningful  because  approximate  absorption 
corrections  were  made:  guantitative  accuracy  is  still  Questionable. 
Sixty  percent  of  the  larger  particles  in  Alloy  34  were  approxi¬ 
mately  4 0»  zr  and  10*  Si  (probably  ZrSiO^)  while  29*  of  the 
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particles  in  Alloy  87  had  a  similar  comnosition.  No  Zr  was  reported 
in  the  semiquantitative  chemical  analysis.  These  particles  are 
probably  part  of  the  Zirconite  paste  wash  which  was  applied  to  the 
crucible  prior  to  melting  a  charge.  The  particles  flaked  off  or 
were  chipped  off  during  stirring  to  become  part  of  the  atomized 
product.  The  higher  ZrSi04  concentration  occurred  in  the  larger 
charges.  The  presence  of  Cr,  Fe,  Si,  and  Ni  in  certain  of  the  large 
constituent  particles  indicate  more  work  should  be  done  to  minimize 
growth  of  these  particles.  Mn  and  Co  do  not  occur  as  large  con¬ 
stituent  particles  and  are  desirable.  The  effect  of  Zn  and  Mg  varies; 
sufficient  data  are  not  available  to  come  to  any  conclusions  at  this 
time. 

Alloys  34,  07,  52,  and  71  were  also  analyzed  by  the  Guinier 
X-ray  diffraction  technique.  Not  only  were  attempts  made  to  identify 
the  phases  present  but  also  to  determine  the  formation  of  additional 
phases  when  progressing  from  the  powder  to  -T6  extrusion  and  finally 
after  prolonqed  aging.  Only  2  or  3  phases  were  indicated  as  being 
present  in  the  powder.  Table  L,  Al,  Mq-,Si  and  either  FeNiAlg  or 
Co2Alg,  dependina  on  the  alloy.  After  the  powder  is  compacted, 
extruded  and  given  a  -T6  heat  treatment,  the  structure  becomes  quite 
complex.  Additional  phases  appear  including  one  or  more  phases 
which  cannot  be  identified.  Prolonqed  aqina  results  in  an  apparent 
increase  in  the  amount  of  FeNiAl0  but  no  change  in  the  amount  of 
CoAIq.  Prolonged  aging  also  results  in  the  appearance  of  an  M* 
precipitate.  Other  phases  stay  relatively  unchanged. 

Examination  of  the  nov/ders  bv  electron  microscope  indicates 
the  microstructures  of  Alloys  34  and  87  are  somewhat  coarser  than 
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that  of  Alloys  52  and  71,  Figures  40  to  43.  Alloy  71,  Figure  43, 
appeared  to  have  a  less  uniform  structure  in  terms  of  constituent 
dispersion  than  the  other  powders. 

The  microstructures  of  Alloys  34  and  37  extrusions  are 
quite  similar,  Figures  44,  45,  46,  and  47.  Prolonged  aging  of 
both  these  alloys  results  in  an  increase  in  the  large  dark  particles 
labeled  MgZn2*  The  gray  particles  are  believed  to  be  FeNiAlg  and 
the  number  does  not  change  appreciably.  The  smaller,  more  spheri¬ 
cal  particles  are  probably  the  E-phase  (Al^2M9Cr)  dispersoid. 

The  Mg2Si  precipitate  would  be  present  in  small  quantity  and  is 
not  easily  identified.  A  very  fine,  light  background  precipitate 
also  appears  to  increase  during  step  aging.  This  is  similar  to 
the  0'  phase  which  occurs  in  alloys  containing  Cu,  but  a  positive 
identification  was  not  made.  This  could  also  be  the  M'  or  un¬ 
identified  phase  noted  in  X-ray  diffraction. 

Alloys  52  and  71  are  also  similar  in  composition,  but 
the  amount  of  precipitate,  present  in  Allov  52  is  greater  than  for 
any  of  the  other  alloys.  Figures  4R,  49,  50  and  51.  The  differences 
between  the  MgZn2  anc3  t^ie  M93Zn3A^2  phases  are  indistinguishable 
in  the  electron  microqraphs.  The  Co^AlQ  dispersoid  is  believed 
to  be  the  light  gray  angular  particles.  Alloy  71  exhibits 
noticeable  grain  (or  subgrain)  boundary  precipitation,  especially 
after  step  aging.  Note  the  increase  in  precipitate  around  the 
C02A1q  particles. 

Small  phases  within  the  laroor  phases  are  noted  in 
Figures  44  to  51.  The  compositions  of  the  larger  phases  could 
be  influenced  bv  those  smaller  included  phases  when  analyzed  by 
the  microprobe. 
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The  microprobe  has  also  been  used  to  investigate  tensile 
specimen  fractures  of  two  specimens  of  Alloy  59  in  which  low 
strengths  and  low  elongations  had  been  observed.  The  origin  of 
failure  appeared  to  be  a  region  containing  black  inclusions.  Test 
results  indicate  the  black  spot  inclusions  have  a  high  Mg  content, 
a  moderate  amount  of  A1  and  low-to-trace  amounts  of  Zn,  Mn,  Ni,  Pe 
and  Cu.  The  level  of  each  of  these  elements,  with  the  exception  of 
Mg,  is  far  less  in  the  dark  region  than  in  the  surrounding  region 
of  the  fracture.  A  thin  layer  of  Mg-rich  material,  a  spinel  or 
possibly  MgO,  is  present  in  the  "black  spot"  regions.  Thus  low 
strengths  and  elongations  can  be  the  result  of  greater  than  normal 
oxidation. 


CONCLUSIONS 

1.  The  longitudinal  tensile  properties  of  certain  APM  alloys 
exceeded  100  ksi  and  were  uniform  along  the  length  of  the  extrusion. 
The  transverse  tensile  properties  were  lower  than  the  longitudinal 
and  failure  frequently  occurred  before  the  yield  strength  at  0.2% 
offset  was  reached. 

2.  The  ductility  of  the  alloys  generally  decreased  as  the 
strength  increased. 

3.  Alloy  50,  Al,  9.9%  Zn,  4.0%  Mg,  0.8%  Cu,  1.1%  Mn ,  1.0% 

Fe,  1.3%  Ni,  0.01%  Cr  and  0.01%  Ti,  had  the  highest  strength  values 
with  a  yield  strength  of  124,400  psi  and  a  tensile  strength  of  127,500 
psi. 

4.  Alloy  52  containing  10.0%  Zn,  4.0%  Mn,  0.9%  Cu,  0.4%  Mn, 

0.02%  Ti,  0.01%  Cr  and  1.5%  Co  had  the  highest  yield  strenqth  to 

6 

density  ratio,  1.174  x  10  in. 


5.  The  extrusion  densities  are  higher  than  the  powder 

densities  due  to  the  inability  of  the  testing  fluid  to  completely 
fill  all  voids  and  crevices.  / 

6.  The  difference  in  the  densities  of  the  extrusions 
tested  in  the  -F  and  -T6  conditions  is  similar  to  that  of  con¬ 
ventional  wrought  alloys. 

7.  Compact  density  and  compact  preheat  temperature 
affect  the  tensile  properties  of  a  fabricated  product  from  a 
given  alloy. 

8.  The  tensile  strengths  of  an  alloy  increase  with  the 
quench  rate.  Quench  rates  are  determined  by  the  specimen  size 
and  the  quenching  medium. 

9.  Alloy  composition  affects  the  quench  sensitivity 

of  alloys. 

10.  Compact  preheats  of  1000*F  result  in  extrusions 
with  less  quench  sensitivity  than  900*F  preheats. 

11.  Elevated  and  cryogenic  tensile  tests  on  selected 
alloys  indicate  the  properties  are  superior  to  conventional  alloys 
up  to  350°F.  Above  this  temperature  the  tensile  strength  decreases 
rapidly. 

12.  Increasing  the  time  at  elevated  temperatures  from  1/2 
to  100  hours  results  in  a  lowering  of  strengths  and  an  improve¬ 
ment  on  the  ductility.  Comparison  with  other  alloys  for  similar 
time  at  temperatures  indicates  that  Alloy  52  again  has  superior 
properties  up  to  about  350*F. 

13.  The  tear  strength  values,  while  lower  than  some 
commercial  alloys,  can  be  improved  by  prolonged  aging  of  the 
more  ductile  alloys. 


T 
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14.  The  poor  notch  sensitivity  of  these  extrusions  is  in¬ 
dicated  by  the  low  Izod  impact  test  values. 

15.  The  conductivity  of  these  alloys  varies  depending  on 
composition  and  aging  practice. 


alloys. 


16.  The  alloys  are  generally  harder  than  commercial  APM 


17.  Attempts  to  correlate  hardness  or  conductivity  data  and 


tensile  properties  have  not  been  successful. 

18.  The  fatigue  endurance  limit  on  smooth  specimens  of 
Alloys  52,  62,  64,  and  71  are  greater  than  7075-T6  r.nd  the  data 
points  generally  fall  above  the  upper  scatter  band  limit  for  7075-T6. 

19.  Dispersion  hardeners  generally  tend  to  raise  the  tensile 
and  yield  strengths  and  lower  the  elongation. 

20.  The  alloys  respond  to  prolonged  aging  by  increased 
ductility  and  resistance  to  stress  corrosion  cracking.  The  strengths 
decrease. 

21.  Alloy  71  responds  very  well  to  overaging.  The  strengths 
are  almost  as  high  as  those  obtained  for  Alloy  52,  however,  the 
material  is  much  more  ductile. 

22.  Alternate  immersion  stress  corrosion  tests  have  a  varied 
response  on  the  short  transverse  specimens  from  extrusions.  Alloy 
content  and  heat  treatments  determine  the  effect. 

23.  Stress  corrosion  resistance  of  alloys  given  prolonged 
aging  and  containing  high  Fe  and  Ni  (Alloys  34,  87  and  90)  resulted 
in  no  failures  at  stress  levels  significantly  greater  than  typical 
values  of  7075-T73.  Heat  Treatment  #1  resulted  in  very  high 
strengths  with  better  stress  corrosion  resistance  than  7075-T6  or 
7178-T6 . 
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24.  Alloys  52  and  71,  Co  containing  series,  had  stress 
corrosion  resistance  better  than  that  obtained  for  7075-T73  +  10% 
after  prolonged  aging.  Although  not  as  good  as  the  Fe-Ni  series, 
the  ductility  of  these  alloys  is  greater. 

25.  No  indication  of  exfoliation  corrosion  was  present 
in  Alloy  52.  The  general  effect  of  exfoliation  corrosion  on  APM 
material  is  not  known. 

26.  The  maximum  dispersion  strengthening  effect  was  not 
achieved  from  the  insoluble  elements  because  the  constituent 
particles  in  the  extrusions  were  coarsened  considerably  over  those 
in  the  atomized  powder. 

27.  The  electron  microprobe  indicated  that  the  coarse 
constituents  contained  large  amounts  of  Cr,  Ti,  V,  Zr,  Mo  and  W. 
These  alloying  elements  are  therefore  considered  undesirable  in 
large  amounts. 

28.  Fe,  Ni,  Co  and  Mn  are  desirable  elements  for  dis¬ 
persion  hardeners  since  they  are  not  present  as  large  constituent 
particles . 


FUTURE  WORK 

A  total  of  90  alloys  have  been  partially  evaluated.  The 
results  have  indicated  that  at  least  two  families  of  alloys  should 
be  given  additional  testing,  namely,  Al-7.n-Mg-Co-Cu  (Alloys  52 
and  71)  and  Al-Zn-Mg-Cu-Fe-Ni  (Alloys  34,  87  and  90).  Additional 
testing  has  shown  that  these  alloys  are  indeed  promising  but  many 
unanswered  questions  are  still  present,  i.e.,  alloy  limits,  purity, 
fabrication  techniques,  more  complete  stress  corrosion  data  in  both 
alternate  immersion  and  atmospheric  tests,  etc.  Also,  means  of 
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improving  some  of  the  poor  properties,  i.e.,  ductility  and  tear 
strength,  must  be  made.  Both  alloy  systems  should  be  included  as 
part  of  an  extensive  program  to  obtain  a  high  strength  commercial 
alloy. 

The  alloys  obtained  by  use  of  statistical  analyses  should 
be  produced  and  fabricated  to  determine  how  accurate  the  model  was 
and  also  to  improve  the  model. 

Other  families  of  alloys  could  be  included  for  further 
evaluation,  however,  the  emphasis  should  be  directed  toward  the  alloys 
discussed  in  the  earlier  paragraphs. 
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TABLE  III 


COMPOSITIONS  IN  VARIOUS  PHASE  FIELDS  OF  THE 
Al-Zn-Ma-Cu  SYSTEM  AT  860°F  (460°C) 


Alloy 

No. 

£Zn 

$  Mg 

j  Cu 

Phase  Field* 

19 

7.6 

3.0 

1.5 

a  +  S  +  T  +  M 

20 

7.9 

3.6 

.  2.3 

a  +  S  +  T  +  M 

21 

8.0 

5.6 

7.5 

a  +  S  +  T  +  M 

22 

8.0 

8.5 

15.0 

a  +  S  +  T  +  M 

23 

8.0 

10.3 

20.0 

a  +  S  +  T  +  M 

24 

8.0 

7.5 

20,0 

a  +  S  +  Z  +  M 

25 

— 

10.8 

2.3 

a  +  S  +  T 

26 

3.0 

7.5 

^.3 

a  +  S  +  T 

27 

7.0 

4.0 

2.3 

a  +  S  +  T 

28 

10.0 

4.0 

2.3 

a  +  M  +  T 

29 

14.0 

4.4 

2.3 

a  +  M  +  T 

30 

8.0 

15.0 

— 

a  +  T 

31 

3.0 

15.0 

2.3 

a  +  T 

Phase  identification 
a  =  A1 

S  =  a(Al-Cu-Mg) 

T  -  fa(Al-Mg-Cu)  l  isomorphous 
\  Mg-Zn-Al  J 

M  =  IyIaiIcu-mq)  M9Zn2) 


IV(AX-Cu-Mg)  J 
=  lp(Al-Cu-Mg)3  isomorPh<,us 


TAELE  IV 


COMPARISON  OE  DENSITY  OF  POWDERS  AND  EXTRUSIONS 


Alloy 

No. 

S.  No. 

Location 

Powder 

Extrusion 
Density , 
qm/oc  ^ 

Difference  Variation 

in  Densities,  in  Density, 

gir/cc  % 

_ (ED- PD) C(ED-PD)/EDlxlOO 

39  (a) 

283462 

F 

2.894 

2.9304 

.036 

1.2 

It 

II 

F 

2.694 

2.9315 

.038 

1.3 

II 

It 

B 

2.894 

2;9298 

.038 

1.2 

II 

11 

Avg. 

2.894 

2.9306 

.037 

1.2 

50  (a) 

283481 

F 

2. 9-'- 4 

2.946  5 

.032 

1.1 

It 

II 

F 

2.914 

2.9459 

.032 

1 .1 

II 

II 

B  (d) 

2.914 

2.9481 

.034 

1.2 

II 

II 

A  vc'. 

2.914 

2.9468 

.033 

1.1 

52  (a) 

283492 

r 

2.858 

2.8974 

.039 

1.3 

II 

II 

F 

2.858 

2.8979 

.040 

1 .4 

II 

II 

B 

2.858 

2.8975 

.038 

1.3 

II 

11 

Avg. 

2.858 

2.8970 

.039 

1.3 

52  (e) 

307454 

F 

2.855 

2.9007 

.046 

1.6 

i< 

It 

FM 

2.855 

2.9005 

.046 

1.6 

It 

II 

M 

2.855 

2.9010 

.046 

1.6 

It 

II 

BM 

2.855 

2.6998 

.045 

1.6 

II 

II 

B 

2.855 

2.8992 

.044 

1  (■ 

It 

11 

Avg. 

2.855 

2.9001 

.045 

1  ‘.6 

52  (e) 

307455 

p 

2.355 

2.8978 

.043 

1.5 

II 

It 

B 

2.855 

2.69 77 

.043 

1.5 

II 

II 

Avg. 

2.855 

2.8978 

.043 

1.5 

62  (e) 

307321 

p 

2.830 

2.8785 

.048 

1.7 

II 

11 

B 

2.830 

2.8772 

.047 

1.6 

II 

»l 

Avg. 

2.830 

2.8778 

.048 

1.7 

64  (e) 

307323 

F 

2.833 

2.8770 

.044 

1.5 

II 

11 

B 

2.833 

2.8764 

.043 

1.5 

II 

II 

Avg. 

2.833 

2.8767 

.044 

1.5 

71  (e) 

307330 

F 

2.813 

2.8566 

.044 

1.5 

II 

II 

FM 

2.813 

2.856? 

.044 

1.5 

II 

11 

M 

2.813 

2.8568 

.  044 

1.5 

II 

II 

3M 

2.813 

2.8565 

.044 

1.5 

11 

11 

B 

2.813 

2.8568 

.044 

1.5 

11 

II 

Avg. 

2.813 

2.8567 

.044 

1.5 

(a) 

Two  in. 

dia.  tensile 

specimens  SHT  1/2  hr.  at  920°F, 

CWQ,  aged  96  hrs.  at 

225°F. 

(b) 

By  pycnometer  method 

on  powders.  (PD) 

(c) 

By  watei 

-  displacement  method  on  a,  d. 

and  e.  (HD) 

(d) 

Two  in. 

dia.  broken 

tensile  specimens 

SHT  2  hrs.  at 

860 °F ,  CWQ,  aged  96  hrs.  at  225°F. 

it) 

Ohe  in. 

x  4-1/4  in. 

extruded  slab  in  ■ 

-F  temper.  Location  of  specimens  in 

sketch  below 
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IMPACT  AND  TEAR  PROPERTIES  OP  APM  MATERIAL 


Alloy 

Humber 

Sample 

Number 

H.T. 

No.  (a) 

Izod  Impact 
Energy  At 
Failure 
ft-lb  (b) 

Tear  Test  Unit 
Propagation  Energy 
in. lb/in. 2  (C) 

Long.  Trans. 

52 

283492 

2 

1.0 

307454 

1 

- 

0 

0 

307455 

1 

- 

0 

0 

307454 

2 

- 

0 

0 

307455 

2 

- 

0 

0 

62 

307321 

1 

1.1 

0 

0 

307321 

2 

- 

0 

0 

64 

307323 

1 

1.1 

0 

0 

307323 

2 

- 

0 

0 

71 

307330 

1 

1.3 

0 

0 

307330 

2 

0 

0 

7178-T6 

Typical 

- 

- 

140  (d) 

130  (d) 

7075-T6 

(e) Typical 

- 

4.5 

290  (d) 

220  (d) 

195-T6 

Typical 

- 

2 

- 

- 

356-T6 

Typical 

75  (e> 

- 

(a)  R.T. 

61,  SHT  2 

hrs.  at  860*F, 

CWQ,  Aged  24 

hrs.  at  250*F. 

H.T. 

62,  SHT  1/2  hr.  at  9:0#F 

,  CWQ,  Aged  96 

hrs.  at  225*F. 

(b)  Obtained  from  2  in.  dia.  extrusions. 

(c)  .10  in.  Thick  rolled  stock  from  1*  x  4*1/4*  extrusions  of 
alloys  covered  in  this  contract. 

(d)  Results  of  tear  tests  from  0.063  in.  A1  sheet. 

(e)  Unpublished  data. 
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Failed  before  ranching  0.i%  offset.  (c)  Premature  failures  -  not  included  in  average.  (f)  Letters  assigned  non  standard 

bailed  through  gaga  mark.  (d)  Average  Of  3  values.  treatment a  for  ease  in  referei 

(a)  Specimen  shattered.  (g)  Average  2  values. 

(h)  Heat  treated  as  quadrants. 
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g)  Hot  obtained- spec lner.  shattered. 


\ 


*bi- 


o  o  o  o  o  o 

o  o  o  o  o  o 

I  HHrl  I  H  H  H 

I  I  I  I  11*1 


o 

O  o  w\ 

I  rH  HN-O  »  I  « 
I  I  I  I  III 


'  * 

9 

§  I  I  *  l 

A  i  i  i  i 

o  *  u 


I  O'J'O'  III 

I  rl  H  r|  III 

I  l  I 


T3  tO  (i 
C  1-0  o  <>) 

#  *»y 

S^|«  W  pH 


r-  niA 
i  aj  ca 
iiii 


I  HCO 
-dXAXA 


OJ  O'  o 
I  04  <— I  OJ 
I  I  I  I 


0''ON  .tft'-'O 

I  •  .  •  I  •  «  •  III 

l  VAsO  vO  i  f'Af'A'A  III 

XAXAXA  XAXAXA 


1  r--0 

I  H  rl  rl 
I  I  I  I 


co  xaa- 

I  rtHH 

I  I  I  I 


H-O  ^3 

■  •  •  *  III 

I  -d'X)  XA  III 

IAVAXA 


r-f^o 

I  rl  AJ  AJ 


m^O' 

I  (MHrl  III 

i  i  i  i  iti 


I  -4r1<0 

XA^O  xa 


I  CO  r*9iXA 
XAXAXA 


•  O  O  O  O  O  O 


A1AJAJ 
-H  O  O  O  HHH 


O'  r-  <a  (”i 

rl  O  rH  rl  HHH 


•H  (THHOH  Ot'd  'Art  AJ  O'  AJ  O  ©HO  CO  CO  CD  45  O  <A  lA-O  -O 

t/1  «1  ...  ...  ...  ... 

E-*  X  XAlA  r'VAO'  r-  Hlf\  _0-0  CO  r  -  CArAXA^*  O' CO  O'  *0  O'  O'  O'  XA'AA-vQ  HHH 

o-coco  r^o-  r—  r-  a-  r'-r-r-A-  a-  a-  a-  a-  000  ©©©©  ©©4)©  ©©© 


«  M  JOHvflO  H\rArA 

q  co coco  a-co  xaxaxa 

•O  O'  O'  O'  O'  O'  co  co  cu 

Q  o  . 

\  r|  O  O  A  O  O  OOO 


•3  v9| 

c 

•H  rl  c 
TJ  W  M 


O'  O'  OJ  ( 4  O 
c\l  (\J  rr\  CA  fA 


lAOU> 

A-0>  A-  O) 


“  tfl 

•  ijur) 
3  I*  *>  0 

r  >  t  >  0  n 
*•  3 

xa  * 

•  ft.  rH  *j 

HO  0  O 

o  u  q 

*©  ■» < 


XA  rH  (\J  t*-  pH 

t" —  C^-  t 

AJ  VAiO 

^A  'O 

fcOo 

to  U 

r. 

t. 

3 

•Pi 

...  II 

1  1  1 

1  ...  II 

1  1  1 

1  ... 

£ 

■H  0  0 

0 

1  VJ 

*‘rV’rWAl\J  oa 

0  O'  O'  U  \  1  1 

1  rl  *  1 

1  CAA'  AJ  rl  1  1 

l  -Oil 

t.  J  4 J 

* 

O  O  O  O  O 

a;  CU  CO  aj 

cD 

a-  r-  r-  a- 

-O 

-0-0  0 

U\  aj 

O  O  « 

q 

u 

pH  rl  rl  r|  H 

-h  Q 

0 

pA  • 

. — 1 

0 

ff! 

*H  O  TJ 

0 

0 

CD  sU  o  A-  UJ  XAOJ  -O  .4  _t  _t 

hi  .  Ill  III  ...  Ill 

i»l  in  IAU\©  XAlA  rl  rl  ri  cu  1  1  »  Xi\  I  •  I  O' O' O'  to  l  1  1 

L » .*  0000  o  (MJ  ^  oj  aj  a  -  r-  r- 

rH  rl  rH  pH  rl 


•  t.  M  V.  0  X)  U  <8 

£  A  tO  U 
14  C  <  *0  «  O 

IJ  •  **H  •  0 

pH  H  0  UH  fiH 

•  k  '  XJ  J.  UH  O  -H 

ivi  r.:  0  ^  0  t.  0 

p|  t'l  t  >  CO  t/J  U.  o.  Dl, 


0  AJ  U  T5  0  C. 


—  —  —  —  to 

O  O  ©  0  > 


T)  •  T3 

V  0 to  — -to 

q  to  to  ;>  t.  t©  to  >  0  0  > 

U.  -  <  -- . t 


©-'-'*  eo 

L  to  to  > 

tx.  —  —  < 


"2  UJ 

q  to  to  >  0  0  > 

I* - <  -  -  < 


o 


sj 


CO 

t\J 


o 

-4 


C  V)\ 

(0 


v.a 


c  « 

“S 

r-4 

►»«rl 


•o 

£ 
*-*  v/J 
<0 


J 


k/>  q  ft.) 


vt a 


V  V, 
[.  LrJ 


3 

«  3 


«9j 


S3 


a  a 

i  Q  Q  i 


O  O  O 
l  OOO 


4  r-*  I  r-l  r-4 


a  a 

a  a 


ooo  ooo 

OOO  i  O  O  O  I  l 

I  rt  H  H  l  I 
I  I  I 


55 


i  UNM 

M  -3 


QO 

i  i  iii 

i  c  <y  i  iii 

-30 


U~ co  _4  fg  >o  oJ  ninj1 

i  n.^3  i  jjj  iii  «  rgmtNj  i  iii 


frNcO  O  (\jOrt 


<  i  i  i  i 


O 

I  •  •  •  II 

i  -4  <-t  eg  •  » 


it-*  i  '  *  i  444  r  „4  ^  it 

i  i  i  iii  iiii  iiii  it 


t<>  (0 

O  o  rtHO  4  O  fM 


MCI  OOOOO  OOO 
Wh| 


CO 

r-4  l\|  f\J 
MOOO 


i  •  •  ♦ 

•  4  0J  *0 
444 


u\r-  O 

MOOO  r-4  r-4  -4 


I  I>hO 

‘04  4 


M  0>0 

o  UN(\J  i  1 


CO 


CO 

^O4®  o  eg  r 

r-4  O  O  O  r-4  O  O  O  f  j  O  r 


r - r- 

•'J  <\J  CM 

hh-O 

(\i  i- o 

40  r-4  O 

r }  cl  -  ) 

*-* 

;*•  ,*J 

*  o  • 

£  -C 

i 

•  •  • 

•  •  • 

•  *  • 

... 

--4 

|  T3  <o  -C  jq  i 

r-  -  r- 

• 

-4  UNUNUN 

t-o  o 

un  r  >o  r~ 

rvi  r-4  y  «-N 

r  -  r  -  C'- 

« 

•  • 

r~  r- 

t— 

f'-  f-.  r— 

ooo 

>c  >c  >o  -o 

o  o  o 

UNU  .  .v 

CO 

© 

C 

n 

w4 

•  u. 

u 

X  u 

k; 

* 

t.  o 

• 

a 

"1 

|  O  un  r»  u\  cm 

r^4  0 

•JD  o 

r*N 

UJ  r4  4 

r-  r-4  4 

r  -  t 

It'  ' 

O 

kJ  V 

.  « 

. 

<g 

.i 

t  •  x\  ('J  va«T-  <Nj  o 

f*  cvu\ 

r- 

M  «*tCNJ 

4\J  o  o  o 

NT 

a.'  e-  <y  tr- 

UN  **N  c .  r- 

‘*"KI  v 

©  • 

r-j;  mdj. 

r-  r-  r- 

r- 

r-  r~ 

c-  r- r- 

r->0  -O 

>0  gj  O  O 

■O  OI-'U 

O  v; «  o 

T3 

too 

r-4 

>  • 

a 

•  «► 

.  .  o 

cc  to 

c  '  « 

*  • 

©  - « 

* '  • 

O 

*0  JC 

< 

«  o 

•  «  V 

n  ►  i 

r~  t 

gj  ,'j  t 

-4)  UNO 

.4  4  ' 

3  a 

r. 

•0-0000 

UN  UN  UN 

a,-  tr*  >* 

.»  T  ? 

• 

OJJ 

4"  i  .T"  O'  <J* 

OJ>  *X>  a. 

• 

1  1 

i 

•fl-Ov 

iiii 

1  1  1  1 

U  w\l. 

J 

a 

3  t. 

O  f  .■» 

• 

1  1 

•  •  i  • 

i  i  i  * 

1  1  >  I 

-  ;■ 

1  *  • 

O 

vv  '■* 

<-  • O  4.  ■>  O  V  N 

O  OI*. 

r»  o 

n 

■  :  X 

’  y 

•  3 

• 

l.  1 . 

• 

o  o 

u 

■  '  u. 

»r 

• 

V. 

*  ^ 

4'  O 

n 

*'  i 

V  ,  ; 

o  o 

-t 

•4  T  J-4  114 

UN  ■  *  .1  i 

•  1 

1 

i  > 

-  '  UM\1 

i  >  r 

1  1  1 

UN  UN 

0 

•  c 

1  1 

l 

■  i  i 

i  i  > 

1  I  1 

'  4  • 

«  U 

•  o 

«  c 

r-4  vC 

«'J*«  -g  -.f  «*J 

U  N  -4)  w\ 

r 

v 

t  c  -  f' 

f 

«• 

f-  f* 

CO 

3  C 

4'  -  » 

•  c 

tu  •  • 

JC  -• 

•  •  » 

«  n 

■  4  —4 

m 

#  .5 

»•  .  t 

A, 

>  'N 

I. 

•  a 

UJ  -« 

«0  U 

4.  V. 

1 

o 

C  o 

r '  O  O  I 

r.  ;  v> 

4  1  ‘  Nl, 

*  4  I 

t. 

-4  U 

c  c 

•  **l 

•  1 

i 

•  i 

i  t  i 

1  t  I 

.  4; 

« 

CO 

•  r  ■  ■  •  .»■  \.> 

a  a  i 

1  I 

l 

r«  |  1  I 

.  •  r.j 

«  i 

■..1  1  I  1 

4 

U 

c  c 

<  » 

c  c 

<!_•  •■!/  <t. 

■o 

J 

c -  t -  r- 

r 

o 

4> 

It 

V  « 

u.  • 

o  . 

-•  1. 

•  t. 

»  © 

■’•r? 

t.  4- 

U.  fi. 

U '  *  3  !**»•• 

r  »i 

O  «M  v* 

t  J 

.. 

;  ,  n 

•  4 

• 

1  l  » 

•  •  i 

t  •  1 

-  •  * 

u44 

•  U 

:  •  '< 

u  -J 

4'*'  *  * 

1  • 

1 

ti  .  «  1 

■  >  •  •. 

^  i  ■  i 

A)  •  •  t 

•-*N  r*N  r“4 

r  4  v* 

4L 

<r 

<t  -s  .■  a- 

r 

.*  r  t 

n 

~3 

4_> 

T" 

*4 

• 

• 

• 

* 

* 

• 

* 

4 

a  ' 

m  lx 

4J 

4.* 

Vf 

«  3 

Tt 

V 

4-r 

r. 

O  n 

W' 

*  w 

v 

V  V 

c  *• 

* 

l'  41  *  *  > 

*  •  > 

t. 

V.  c. 

t.  v.  > 

t  *  > 

t.  N.  > 

1  4.4,  > 

0  9  > 

-< 

-< 

«'-■ 

< 

*-  < 

-< 

...  ■< 

-C 

THE  EFFECT  OF  STEF  AGIMD  OK  TEHTILE  FROFEPUES  AND  STRESS  CORROSION  CRAC1C*'  RESISTANCE  OF  ALLOT  5 


SK-’ 


/ .  Vs^',4 


w 

91 


o 


I  !  I 


I  !  I  I 

•  1*1 

m! 


» 

» 

i 


:  i  i 
1 1  t 


II! 


! 888  !  888 

>  H  H  H  I  HHH 


I  69  « 

ill 

I  ^  CN 


III! 

Us  i 


§ 

H 

2 


!  I  I  ! 

i  III 


li 


I  vO  0(0 

I^T-f 


il! 


1 

i 

» 

j 

i 

i 

i 

» 

*  i  i  i  i  i  iii 

i  i  i  i  i  i  iii 

•  *  a  I  1  i  iii 

1  1  J  1  |  Os -3  04  i  CN  CO  VO  ||j 

! 

1 

• 

!  lit  Id  1  H  H'd  1  {  I 

j  i  i 

i 

i  iii  i  cm  i  \aJj  i  i  i 

"8 

la 


ESI 


I  I  I  I  I 


I  O  (Ni  rj 
I  -4-3_U 


I  ChChCK 
I  Hrl  W 
I  I  I  I 


hi 


I  I  I  »  I 


I  I  I  t  I 
I  I  I  I  I 


<  I  I 
I  I  I 
I  I  I 
I  I  I 


9m 


o  o 

DOOOO 


-3  «o  vO 

dod 


r-  -3>0 

node 

v 


Is-  cc#  oo 

HO  od 


TJ-O  . 


r-*c. O  O 

•d  o-  no 

•O  \Tv>0 


-3  nO  UN  H  >o  (O 


•a 
r  c 


3  t 

•  3 

a  o 


5- 

<  « 


I . 

H)  CKOj  >o 

UN  On 

HUN© 

o  VAJ  ^N 

4UNO 

CO  UN  NO 

V.s 

d  on  _•?  >/n  r- 

si j  c-  r*- 

O  _3  CO 
r*  o-  r- 

>V  VAN 

U)  vO  'O 

$ 

Is-  Is-  o* 
vO  'U  'O 

-3  -3  UN  UN 
vO  <5  >0  nO 

rtO\Q 
NO  UN'O 

fc  s 

Is 

h  h'  O  r—  cnj 
UN  r-  r~  _3  'O 
O  On  On  On  On 

odddo 

O  -£> 

r-i  n\A 

COtlS) 

d  o  o 

UN-3  U\ 
a)  m  aj 

NA)  >?  35 

o  o  c 

• 

t 

1 

I 

• 

1  t  1 

1  1  1 

1  1  1 

1  1  1 

1  1  I 

I'll 

1  1  1  I 

1  1  1  1 

•  1  1  1 

1  1  t  1 

cu  _3 

©  <D® 
X/N  UN  UN 

odd 

o  r-  r-  >o  »’« 


N  F^N  O  < 
i  O  O  < 


OOL‘%? 

^  »-l  *H  »-«  r-N 


♦»  u  •  «  ► 


° 

35 


UN  r-%  UL>  (XUMO 

V  ~ 1  U\  -3  -3 

CK  «>.  CN 


^  V.  V,  ► 

-g - 

* 


•  r 


O  O  O 

r~  r-  r- 


a 

u. 


? 

i 


is 

S 


i 


THE  EFFECT  OF  STEP  AGING  ON  TENSILE  PROPERTIES  AMD  STRESS  CORROSION  CRACKI1P  RESISTANCE  nir  iT.Tnv  A 

S.  No.  277378  (a) 


'  V 


lllll  III 
I  I  I  I  I  til 

I  I  I  I  I  III 

I  I  I  I  I  III 


1888 

I  H  H  H 

I  I  I  I 


1888  1888 

I  H  H  H  I  rt  H  H 

lilt  4111 


•  IS!  *!!  {  lit  I  w  w  i  innt  lit 

il  H|  !|i  l»l  »|  l! 

lilt  ill  i'OV'tl  III  I  CM  CM  l  I  r4  CM  I  III 


lllll  III  1 OOQ  II 

J  }  )  }  III  1  O  O  O  II 

!  1888 

1  Q  III 

i hOQ  iii 

jjlll  If  1  rlHH  II 

lllll  ill  1  1  1  1  II 

i  }  ri*  rJ*  ril 

I'??'5?  !  !  i 

I  I  I  I  I 
I  I  I  I  I 

•lit! 


!  ggl 
i  <0  5  I 

i  8s : 


l  «  n  I 

MI 


I  I  I  I 

III! 

till 


l  I  <£  |>i 

I  I  I  CM  04  III 

I  i  I  I  I  111 


I  f  I  I  III 

till  III 

I  I  I  I  III 

till  III 


I  I  I  I  I  ill 
I  I  I  I  I  III 
I  I  I  I  I  III 
I  I  I  I  I  III 


I  I  I  I  I  III 

I  I  I  I  I  III 

I  I  I  I  III 

I  I  I  I  I  III 


I  I  CQ  GO 

I  I  GO  CO 
I  I  V\V\ 


!  333 

I  I  I  I 


00  00 

00  00 

00 

00  00 

O  CN  CM  \0 

Cr  Jin 

^JCOMD 

O  CO  -J 

cm 

rH  O'  O 

O  rH  o  o'  d 

dod 

H  rl  H  rH 

CM  CM  CM 

CM  H  CM  CM 

CH  CM  rH  CM 

MDCMOv 

®  C'  CM 

-J 

CO  <0  CO 

H  H  H 

'O  CM  J 

TJ  \T\  CM  rn 

^CD  03  CO  03 

O  P~  N 
r —  c —  c — 

J'O'O'O 
r-  r~  r- 

•C'CO'O 

rH  O  O'  CM  O 

O  VO  CCD 

COHO 

CM  CO  O 

CO  u>  CM 

O'  r- 

f-  (h  n  J  \0 

co  oo  ao  co  co 

CO  O'  CO 
r*-  r— 

NO  CO  O'  O' 
r-  r-  c—  r- 

d  on  o 
r-  o  r— 

O'®  rH  O 
'O  'O  r-  r- 

CO  O'  CD  O' 
'O  NO  <>  "O 

<M  O'  I  CM  O  |  O 

~J  -J  l  _3  -3  |  -J 

O'  O'  O'  t  On  CO  I  CO 


vO  O  I  O  0(0  III  VT>  I  XA  III  III 

•  •  •  »  »  |  •  III  •  I  *  III  III 

-3  ^  r-  i  in  r-  i  r-  ®  I  I  l  oio  oill  (\j  I  I  I 

III  H  I  H  rH  III  Hill 


O'  0v>0  i  ®  O  I  o 

O'®  Q  I  O'  0\  |  O' 

O'  O'  O  I  0\  ®  |  CO 


l  O  III  OIO  ill 

I  •  III  •  l  *  111 

|  O'  U\  I  I  I  n  I  ^  CM  III 

i®  od  iii  r-  i  r —  i  i  i 

i 


i  i  i 
i  i  i 
O'  I  I  i 


CM  P-  r-\  |  f*-  rH  t  r-4  III  <23  I  I 

838  i  3  3:3  Sill  Si, 

H  H  H  I  rl  |  III  I 


V  •  ►  -1  v,  V.  ► 

- -  -g - •< 

£ 


II  III 

II  III 

li  r-  l  i  I 

ii  r-  i  i  i 

it  iii 


3  .  3 

O  — —  M  O 

*  —  *  l'"' 

t  k 


I  'O  -3\Tv  I  ®  'O  'O 

I  H  H  H  I  H  rH  H 

till  I  I  I  I 


NQQ  I  ao  00  CO 

>05  'O  I  UMAIA 


I  _  I  III 

I  O  CM  rH  I  CM  CM  CM  III 

I  rH  H  rH  I  H  H  H  I  *  I 

till  I  I  I  I  III 


I  (*\  iH  CM  III 

I  •  •  •  III 

I  H  rH  rH  III 

»  >C  O  '•O  III 


i  i 

U  JO 

°3  T) 


3  »•  •  ■* 

O  <  r-4  -» 

o  -3  V 

‘  QT  • 

”8 , 3 

M  «  C 

*  J“  2  g 

JO  ^ 

3  i 

..Jo 

3-53 

CM  E  rH  Im 

r-:  *  3  c: 

r-i  CM  -i 

<*  m 

hSu^ 

-t  to  O  VO 


Table  IX Vi 


'*  ^ 5r?*^4  *""'  * 


J*|  iliii  ill  lift  IM?  Ill  ill?  ill?  !!! 

H 

]ij  Ij  |  III  II  |!|  11  |IIj 

5  r?  If  <3*1  *a  I  i  i  i£S ! 


111!  I  888  1888  i  r5u'-3  j<v«oo  1  i  i 

i  ii  !  I  in  \m  i  ni  I^T-f  i  i  i 


mil  i 


jll  ill!  i  |  L„ 

I  Q  .3  I  J9  P*-  I  I  I  -3  On  CM  (  OJ  no  -3 

I  'O  3  I  \A\A  I  I  I  cn-3-3  I  4JJ 


I  I  I  I 

I  !  !  I 

(III 


I  I  I  I  I 

:  :  i  i  t 

I  I  I  1  I 


•  I  I  I  I 
I  I  I  I  I 
I  I  I  I  I 
I  I  I  I  I 


O^OJW  H 
6  rH  d  O  rH 


1  1  i 

1  :  ! 
i  i  1 

1  >0  NO  NO 

i  111 

III! 

1  1  1 

1  1  1 

1  1  1 

i 

1  O  UNCO 

CM  rH  i-i 
i  1  1  i 

1382 

III! 

i  i  i 

i  i ! 

i  i  i 

1  P-  OsOQ 

1  |N  (^  (*■ 

1  NO  >0  NO 

6flT6 

66.9 

67.8 

1  1  1 

1  1  1 

1  1  1 

1  1  1 

1  f— COCO 

IScfS 

60.6 

59.5 

60.0 

i ;  i 

i  i  i 
i  i  i 

.OHO 

1  |H  A  H 
•  III 

1  UN  CM 

l  On  rH  rH 
1(11 

1  1  I 

1  1  1 

1  1  1 

1  1  1 

1 

1  f^N  CM  CM 

1  H  H  H 

1  1  1  1 

1 

1  CM  CM  CM 

!  Ill 

i  j  j 

J  UN>0  O 

•  rH  00  O 

1  1  1 

{  nnt- 

1  CO  rH  o 

i  i  i 
i  i  i 

1  CM  rH  CM* 

1  P-  P-  P- 

less 

1  1  1 

I  1  1 

I35S 

1  >3  UN  UN 

1  nC  *o  *o 

'v 

nnw 

OD  CM  UN 

On  CM  O 

nO  Un  o 

CM  CM  C- 

P-  On  CO 

f'N  r<\  C*N 

-3  CM  J  «-N 

UN  CM  UN-3 

nO  c'N  UN 

>0  UN  -3  -3 

r-  Un  frN-3 

UN  UN  UN 

O  -3  iH 

O  -3  CM 

-3  Un  O 

On  On  On 

CM  nO  -3 

r~  r-  r~-  r-  c*-  r~ 


HU"OChO 

Jt^'OVA'O 
CO  CO  GO  QO  GO 


CM  Q  hn  CM  _3 
3  ^  UN  V>-3 
^  Os  O'*  On 

o  6  o  o  o 


J(NOOrt  O  UN  CM  I  I  I 

.  Ill 

•o  r-  r-  r-  r-  OnOnOn  o  i  i  i 

•Mill 


1  -»l 

On  On  On  O.  On  COC  O 


I  Hi  j  cm  ao 

•  Jm  h  q  n  <n  h 

O  O  O  O  O 


3l\  _ _ i 

i  ?!  o  o  •  •  r 
*31  — .. 


•niA-^  -3  CD  M3 


I  I  » 
I  «  I 
Ov  I  I  I 


l  »  i  un  vr\  un 

ill  ... 

O  i  l  i  o  o  o 

rH  I  I  I  H  H  H 


UN  C*  CM  III  III 

•  ■  •  I  I  »  III 

-3  UN  UN  ^11  Oil* 

r-  r--  r—  r —  •  l  *  i —  i  »  t 


I  I  |  CM  rH  NO 

00  I  I  I  UN  _3  ~3 

r-  i  i  i  p-  r- 1*» 

i  i  i 


3 

U  M 

H  UU  ► 


I  I  I 


I  I  I  I  I  III 
1  I  I  t  I  III 
I  I  I  r  |  III 


!  S88 


1888 

♦  r*1  M 


!888 
I  d  H  H 
till 


1888 

t  H  H  H 


i  v  n 

ill 


I  Si  w 

ill 


;  i  i 

l  l  1 

n  n 

1  1 
1  1 
1  1 

:  s  i 

i  i  i 

*3 

c^V\ 

i 

i  i  i 

**\  r*\ 

1  i 

I  «J  W  I 

l«l 


1  III 

1  III 

1888 

18  8  8  i 

!  i  ^8 

1  III 

1  III 

!*?•?  V 

!  'ii'i  ! 

1  1  -4  H 

1  III 

i  && 

I  'd  TJ 


'ovl 


ICOHJ 
l  CM  CM  C\J 
till 


I  I 

I  I  r-1  O  O 
I  I  CM  CVJ  CM 
I  I  I  I  I 


Sf 

•H 

•s 


I  I  O' 


I  O',  c —  oo 
I  r4  H  H 
I  I  I  I 


I  I 

I  I  H  CM 
I  I  CM  CM  O; 
I  I  I  l  I 


I  I  I  I  I 


I  I  OssO  OO 


o  N  W  CM  OO 
O  ^  W  H  H 


HO  d 
H  H  H 


WHHH 


On  M3  00 
<*\  H  CM 


Os  O  O 

CM  ^  r+\ 


'O  f--4-4 
-J  -4  _~7  -3 


USUSUS 


r-i  rd  0.-3  Os 


CJ  h^O  c*AvO 

'O'O'O 

W43 

-  rd  Os 

-4  CM  CO 

-4  Or- 

_j  CM  ao  03 

o 

-5  O  \C  us-o 
CO  Ov  CO  ao  CO 

H  di(M 

CD  SO  CO 

O  On  On  On 
(O  r>N,M 

CO  O  O-  ao 
r~<r  r-N 

s6  C-nO 
r-  r-  O' 

** s 
r- 

jirtj 
d-  r-  d- 

r- 1  H  CM  CM 
N  r-  N  t — 

CM 

r- 

It) 

O 

4) 

S. 

<« 

•H 

T) 

(M  CM  rd  O 

fr\  cm  us  u\  -4 
Os  O'  On  On  On 

CM  CM  CM 
®  GOOD 
UO  OO  03 

1 

( 

i 

l  •  1 

1  1  l 

1  i  1 

i 

i 

i 

1  I  1 

1  1  1 

1  t  « 

O  r-co 
o-  -O  no 
r —  t —  c — 

i 

i 

i 

i  i  i 
i  i  i 
i  i  i 

H\iS  1  1 

r-  Us  »  i 
NO  M3  1  » 

"S 

$ 

C 

o  o  6  o  6 

o  o  o 

1 

i  i  i 

i 

♦  i  i 

o  6  o 

i 

i  i  t 

O  O  I  1 

o 

s 

NO  us  Us  CM 

o  o  o 

i  i  i 
•  i  * 

t  i  i 
i  i  i 

O  O  Us 

i  i  i 
!  !  ! 

1  1 
O  US  1  I 

CM 

f- 

o 

US 

CM 

4  d  nO  n)  IA 

c-  r- 

cC 

i  i  i 

a> 

i  i  i 

CO  On  03 

On 

i  i  i 

do*  i 

r-S  r-4 

rd 

m 

CM  -4  IV  H  O 

ri  H 

i  t  i 

i  »  i 

NO  _J 

i  i  » 

us  O'  •  i 

r- 

« 

£ 

us  j  r-  r-  O 

On  On  Os  O'  O' 

&££ 

Us 

00 

i  i  i 

i  i  i 

r*  4 

03 

!  «  i 

t  <  i 

CD  CO  CO 
Nf-r- 

CM 

r~ 

i  i  i 

<  \  i 

%%  \  ! 

r- 

•o 

k! 

OO  -3-4-3 

(MM  N  H 

oiSooo 

H  H  r|  rt 

O  -1  CM 

««« 

H 

O' 

♦  t  * 
i  t  i 
i  i  * 
t  i  i 
i  i  t 

r- 

iD 

i  <  i 

•  i  i 

i  *  i 

•  i  i 

i  *  t 

J 

Us  us  US 
«D  aO  03 

H 

au 

i  i  i 
i  i  i 
i  i  t 
i  i  i 
i  i  i 

1  1 

ao  O  i  i 

•  'll 
r  h.’  *  i 

t-  r-  i  i 

CM 

b- 

M 

4  < 

O 

o  o  •  i  > 


i? 

t 


3 

.  o 

M  -d  'N-  M 

»  •  ►  v  v.  v.  > 

I"'"* 


«>  «  v.  v,  ► 


OO 

Cw 


O 


«  .C  O 


■  WHm  tm»e. 


*H  U 

•  o  o  ® 

•  V  •  *>  U 

3 

♦>  «  «H 

*0  * 


•o  OJ 

0  W 

•  f*  S' 

«  o  o  © 

♦XV*1  "H  III 


01  C 
*■*  VI  ’— 

ih  M 

M  K  O 

>  H  O 

«  W  -t 


>*qi 

.  ^ 

w  M  m| 


-M- 


o  oo 
ooo 

I  H  H  H 
I  I  I  I 


I  III  I  <MHCM 


I  I  I  I  t  I  I  I  I  III  II 


OH  to  0  0*4 

l  •  »  . . .  • 

I  o  U\r-  III  I  fNi 
UNO  UN  33  >0  33 


OPO 
I  CM  H  H 
till 


31  «1  I  I  i  I  I 

Eh  ,*|  I  I  I  I  I 


iii  i  <m<m  c 
iii  iii 


I  r'MJ'H 

3)  IA33 


HO-O  nO'H 


HOH  H  H  H  H 


S-r-4  <-n33 -4  co  <*>33  imctno 

(/}  «  “O  T3  •  •  •  .  •  •  • 

t,  >♦  .*  HHHH  33  OO  CD  33  3)  33 

e-i  co  co  cd  cococooo 


--S  O  rg  xf  3)  co  CMC  r^3>CM  3)-4*~« 

COW  .....  .  •  •  • 

E-.  M  ^a>r-U\r-  UNx433lA  HOH  r-O'OO 

OO  CO  CO  33  ao  co  CD  CO  CO  CO  co  co  r*-  rococo 


I  HHH 
I  C\J_^r^ 
I  I  I 


O'CNJ  O 
I  H  CM  CM 
till 


OHH 
l  CM  CM  CM 
I  I  I  l 


UNIAO 
rH  CM  H  CM 


O  ^-1  (M 

r-  r-  r- 


I  OH  H  III 

I  CM  CM  CM  I  I  I 

I  I  I 


H  x43J 

i  •  •  •  III 

I  i  i  i 

UNVWN 


C^cOOO 

I  H  H  H  III 
till  III 


.M  r-O 

I  •  •  •  III 

I  33  VO  33  |  i  i 

UVAXA 


i  ro  rO 
lAUMA 


CM 

33  33  35  33 


x>  ■ 

« ♦-«  O'O)  r\j  i>4 

c  UN  <-033  UN  UN 

UO  O'  O'  O'  O'  O' 

Q  O  . 

\  I-*  o  o  o  o  o 

cl  * 


c 

3  •.«!  a-  r-  tu  cr  _rf 

ul  w|  .  til 

>4  jx|  a  r-  q  crcr  r-  i  i  • 

O'  O'  C>  O'  O'  CT* 


O'  CfO'  ^  i 

CO  tJ'O)  C> 


UN^JO 

...  Ill 

r-*  CVJ  <\J  cy*  *  •  * 

aj  <o<D  r 


3 

U  «* 

OP  *~*T3 

© 


•  Cl,  JO  u 

too  0  o 
X  o  Eh  c 


c  •  a  h 

M  «  o 

I.HU- 

33  £  0 

C  C  • 

♦“•>  eg  ^  ~h 

to  • 

“  1-4  -H  U 

HI  I.W  ■ 

<  V)  OtO  f 


•  XJ  O  TJ  •  V.  to 


* 

to  • - -to 

U  O  •  •  >  I.  v«  u  > 

-  V  .  _  W  <  P.  ~  —  < 


©  -  —  w  f-r  10 

L,  u  v<  »  C.U  u  > 

A.  —  —  <  B.  —  ~  < 


I 


tbx  CTree t  or  step  agiic  oh  tensile  properties  mp  stress  corrosion  cracking  resistance  om  turn  33 

S.  No.  277ii05  («) 


<0 


■■3 


’.9 


if;1 


12 » 


r 


M 


^  to 


O  f-i 

£ 


.sw. 

<0  CViV)  - 


m\ 


PBI 


V 


1"3| 

H 


csi 


PI 


I 


w 


I  I  t  I 
I  I  I  I 
I  I  I  I 


i :  1 

1  1  1 


i  i  i 


1  i  i 


1111 

lit! 
I  I  I  I 


I  I  I  I  I 


utjx£  t 


CO  Os  _3  Os  O 


r-  eg  CO  'A  ‘'’S 

8^  rH  rH  rH 

OOOO 


Csj  r«  CM  Cg  <g 


C  JH  VAUs 


1  : 

I  I 

j  i 


i  i 

j  | 

-100 

-100 

-100 

♦  1  1 

I  1  . 

1  i  1 

1  1  1 

!  8  S  8 

1  H  H  r- 
1  1  1 

1  88  S 
1  V  7  ' 

III 

lit 

III 

1  1  1 

i  i 
:  : 

»  M  «  1 
*» 

1  1  1 

1  1  1 

!  1  1 

1  1  1 
111 

1  to  n 

ill 

1  •»  f> 

\m 

:  1  i 
! ! 

1  1 

ISS  I 

: :  : 

1  CM 

t  hus  1 

1  -4  m 

•  s  l 

t  1  1 

!i 

j  8  0  00 

!  II'V 

i  1  ! 
i :  i 

1  f  ill 

1  r*\  CM  P-  |  }  1 

J  H  CVI  H  1  CO  e-CD  1  1 

1*11  IIII  III 

i!i 

1  1 
!  1 

16  i 

j  *3  ! 

:  1  i 
i  i  i 

1 

1 

1 

j  Os  Os  O 

:  ill 

1  1  1 

-3>0  US  1  1  | 

1  1 

1  l 

i  USCO  1 

•  e-us  1 

1  1  1 

1  1  1 

•  Os-3  e-  1  os  os  ck  1  1  1 

1  ususus  1  \rsusus  1  1  1 

1  1  1 
1  1  l 
1  1  1 

1  l  1 

1 

1  co^'O 

i  H  H  H 

1  1  1  1 

1  (  1 

1  1 

1  1  1 

1 

1  e^VS-a 
I  H  H  r> 
IIII 

1  H  rt 

1  H  H  H 
IIII 

1  1  1 

1  1  1 

1  1  1 

1  1  1 

i  1  1 
1  1  l 

1  0  «>o 
)  .  .  . 

1  1  1 

1  1  1 

1  eg  Os  so 

J  O-USH 

1  1  1 

(  1  1 
1  1  1 

1  r-  0  co 

1  US  h5  us 

1  1  1 

1  1  1 

1  Q  co  Os  1  «o  e-  r*- 

1  SO  \A  IA  1  USUSUS 

1  i  1 

1  1  1 

1  1  1 

1  1  1 
l  1  1 
»  1  1 
1  1  « 

j  H  CO  3 

i  1  1  1 

1  1  « 

1  1  1 

1  1  1 

1  1  1 

I 

1  O  O 

1  H  Os  r- 
1  1  I  1 

i  3  OSH 

IIII 

1  1  1 

1  1  1 

1  1  1 

1  1  1 

»  1  1 

1  1  1 

i  -3  0\  C\J 

1  •  •  • 

1  1  1 

111 

1  r7^? 

1  \AOseg 

1  1  1 

1  1  1 
l  1  1 

1  Onw 
•  ‘i  O  O 

1  1  1 

1  1  1 

1  eg  eg  eg 
»  sO  >o  so 

j  e-  co  co 
1  us  us  vs 

1  1  1 
;  1  1 

•H 

eg  ca  co 

eg  e-  0 

H  <~s  r- 

us  0  CO 

eg  eg  eg 

OOO 

nndd 

V 

H  O  H 

HNHH 

h  0  h  d 

H  H  H 

eg  PA  e- 

C  _3  eg 

neus 

Os  CO  -3 

22  ! 
w —  1 

j  22  j 

0  CO  eg 

>o  >o  >o 

XA'O'OtO 

O'O'Q  so 

ev  eg  eg  cw 
'O'O'OsO 

OHO 

H  Os  V\ 

O  CD  Os 

'0-3  0 

H  sO  -3 

sO  co  eg 

U>  r-  rH 

N>ON 

H  O  CD  ON 

e-  r-  vO  so 

odd. 

r-  >0  sO 

Is-  Os  CD  Os 

so  >o  »o  >o 

eg  h  osi 

so  >0  sO 

<0  0-3 
r-  e- 
OD  co  to 

•  •ii 

1  1  *  1 

1  »  1  1 
tilt 

OlACO 
_3  H  H 

r-  e*-  p- 

1  1  1  I 

IIII 
IIII 

IIII 

IIII 

IIII 

eg  eg  eg 
f*S  H 
sO  sO  sO 

odd 

iiii 

OOO 

IIII 

till 

odd 

'■'S  Os  r-« 

1  1  1 

O  us  eg 

1  1  I 

1  l  • 

0  O  us 

^  JUN 

e-  1  1  1 

p-  e-  r" 

1  1  1 

1  1  • 
e~  i  1  1 

r-  co  r- 

O  co  eg 

1  1  1 

-3  0  CM 

1  1  1 

1  1  1 

rg  eg  eg 

Os  t  1  1 

N  1  1  1 

1  t  1 

O  Us  «0 
e-  p-  r- 

Hill 
N  1  l  t 

r>  •  1  1 
'O  »  l  1 

I—  eg  >0  -3  U\  us<-\-3 

sssss 


I  CO  Us-O 

i 


O  '•'S-3 

r-  e-  r- 


a  01  wv 


Ct  U  V,  ► 


;  *»  m  —  — v  1 


* 


m  a  o  xj  • 


-70- 


,.|  min  mi  m  \m  !???  Hi 

d  ° 

jft&5 

i?  min  in  in  isi  mi  in 


Mill  i  i  |  i  |  |  {***>  jaaa  j  j 


iji  I  |  III  , 

IV  !  1  I  !  I  I 


*  I  I  I  •  » 
I  j  I  I  I  t 
I  I  I  I  I  I 
I  I  I  I  I  I 


r»v>'0  |  t*-  cm  o 


i  •  i  t  t  i 

i  t  i  tii 

iii  ft* 

iii  iii 


i  i  i  i  i  i  )ti 
i  i  L  i  i  i  fit 
i  i  i  ■  i  «  iii 
i  i  •  i  i  i  iii 


;  o  u 

!  o’S’o  o  o  o  o 


|0OM?CMn"VV\  H  M>. 

I  JUWA'O  O  Chmn 

I  MAffliN  r-  r- 


Q  UscO  On  |  o 

I  £ 

dodo  id 


I  ^  -3 

.  .  •  *  |  • 

O  -«  O  #i  I  O  h 


I  8S3 


I  I  I  I  I  I  III  III  I  _  »  _  III 

i ! !  i  i  i  i  i  iii  isss  isss  :  :  i 

1  i  i  i  i  •  iii  i  i  i  i  i  i  i  iiii  iii 

I  I  1  I  I  I  If)  III  1  (MAN  I  -3  CM  <D  I  I  I 

Ill'll  ||!  III  I  ddao  I  d-3<d  |  |  j 

I  I  I  I  I  I  111  III  I  UN-3-3  >  UN  UN  UN  I  I  I 


I  III 

I  f-l  CM  CM  III 

I  CM  CM  CM  III 

IIII  III 


Os  -3  CM  Os  'O  CM 
lOHH  Ohh 


-3  cm  CD  UNO© 


4cOO  CM  -3  ^N 

f^-  u\  r*-s©  u>  r-’O 

>0  >0  ’O  h)  n0  sO  <o 


D  TJ 

S  a- 
T3  32H 


$  •  U  ( 

co  io  to  co 


vsddQ  t  Os  r-  ii 
>  O  b  g  i  On  <o  i  i 


|y<|  3M  I  J  O  1  C  H  I  H  til  III  O  »  O 

•«*>  '  fif  t<  »  C  -3  «  J  C  »  t  »  Osiii  ao  i  «d 

cs  c  o  u  i  O  OslO.  «  i  c  «$  I  I  I  r-l»l  N  I  f* 


•  tt  K  Kt^^m  --S*— •  Ii 

I  M  >  ItMK  ««£  £  >  £  £  S  »  M  ► 


i~*  r 


o  •  o 

*  if  §  g  1 
c 

jJ!U, 

-  •*  to  \n  t 

s* .  <2 

>o  jj  £  3? 

2  CM  •  «  ^ 
H  H  H 

mi  t*  l*  fc. 


THE  EFFECT  OP  3TEP  AGING  OH  TENSILE  PHOPERTIES  AMD  STRESS  CORROSION  CRACKING  RESISTANCE  OF  ALLOY 


I 


-71- 


O  OO 

I  HHH  III 

till  III 


m  m 

iii  i  O  Q  »  iii 

ill  <  i  iii 

r-»  pa 


t  CD  ri  jf  l  I  I 

i  ojojow  i  i  i 


©Vi 

«  H  *« 

«  o  o  o 

U)  X  Py* 

•  o  o 

Cfl  Q  ft. 


•O  (0  Vi 

o  M  M 


t'-cAO 

ill  I  ‘'A.^-^  •  « 

lit  i  i  i  i  ii 


co  e-co 

i  •  •  •  iii 

•  ®  (\i^  III 


i  r^HO  »  i  i 
-OUN_^ 


UNOJ  .4 

i  oj  oj  oj  lit 


O'  O' O' 

I  •  ♦  •  ill 

i  co  O  O'  III 

-*UN.4 


i  o  — ■  c-  oj  <\i  0-0 


„~u\m  O' 0.3 

. .  OOi 

i  ^w^co<o  O'ho  -sr—*-  i 

a?  co  e-coco  r- 

V-. 

OJ®VAOJ^f  r-irop- 
i  jceOC)  OJ  >■  .OJ  -0  33  3 

co  r-  o  O' co  co  co  co  r-r^r-f- 


r— 4  O  ^tCO 


®  m  -h  *  « 
«  *  •  ■  i 
O  f~i  H  OJ 


Oi^jC'cO  O  OO  CO 

tn  ■  ....  i  .  •  i  • 

>4.*  040*0*0  i®  *01-0 

O*  O' O' o  o  ®  ® 


W<\  UNf-  Oj  o  r-i 


3r^-3'D  •  O/ 

o  o  o  o  o 


*  u 

S5 

GO  ~  ~  ~  » 

Cl  U  T>  »C  »C  > 


1  1  1 

H  OJ  M 

1  OJ  OJ  OJ 

1  1  1 

a 

1  I  1 

®H4 

1  •  •  • 

1  1  1 

• 

•a 

G 

•H 

1  1  1 

1  M  r-i  r-i 

1  1  1 

UN  VOVA 

OJ 

n 

m 

* 

zi 

ft. 

rA  OVO 

r-o'® 

O' coco 

•  o 

•  •  • 

n  o 

MOO 

M  O  O  O 

o  o  o 

CUN 

O  OJ 

u 

O 

m  m 

6 

VA  » 

C 

O^JOJ 

»— 1  UNrO 

oj  r-^j 

O' O' O' 

OJ  ON  M\PO 

H  H  H 

'O'fi'O 

®  ®  ®  ® 

®®  ® 

£ 

O'  UN  Oj 

UN  OJ^ 

O  M® 

c 

ac  4  ~ 

OJ  €>  • 

e-  o  >> 

•  TJ  V.  *j  a 

r-i  9  U-1  JSC 

60  0  3  U 

(\JHf\J 

r-  r-  r- 

UN  UN  UN  UN 

VA®  UN 

-  «  C  9 

~Q  O  -O  O 

®  'O  ® 

3  E 

r-  r- 

-3  -3 

O  «■  OJ  *-> 

at  •  c  © 

OJ  o  o  to 

-  (_>  M  <J  © 

OJ  HH  (fin  6C 

•  »-tn  c  m  « 

-ft,  '4  TJ  *-*  © 

o  o 

r~i  r-4 

HD  CCj:  «  T5 

r-  i  r- 

i  1  i  l 

i  •  l  I 

®  1  ® 

•  1  • 

IOO  OOTJ  Q 

®  ~4  •  ©  *» 

o  o 

o  o 

-Jj®  ^  ®  C  C  *1 

UN  I  UN 

i  i  i 

H  1  H 

u  u  t.  M  «  o  3 
3  *•  9  9 

O  to  l/l  •  *-•  9  9 

u  co  o  u 
c  •  O  O  CO 

N  «  *  V.  O  Wt. 

•  i  • 

l  •  I 

•  1  • 

(.MH  «  C  O  *J 

*A  r— \ 

3 

-3  -3 

®  JS  *1  ►-*  Xi  c-io  ® 

<o  <o 
•  1  ■ 

o  o 

>  •  to 

O  OJ  rj  S  <  •  TJ 

M  •  9  9  «H  •  • 

.  M  M  M  O  CL  9  r-i 

-i-*  A  jO  9  9 

l  1  1 

•  1 

<  til  (-•  h  Dk  (0  VI  O  &• 

3  1  -3 

VA  I  1  1 

UN  i  VA 

r-  e- 

•A 

®  ® 

o  O 

®  ® 

•  jj  oti  «u  tax: -« 

• 

•  i  * 

«  l  l 

9 

VA  I  VA 

CD  •  1  l 

r-  i  f— 

Hi  CD 

r- 

r-  e- 

O 

*o 

• 

u 

V 

* 

- '  t® 

•  —  —  1® 

- « 

*.  £  £  > 

—  —  < 

6*  -  —  < 

- *< 

•  00# 

Ss**S 
f -W 

-  m  m 

n  11  a  0. 


TJ  «. 

e  o  o  a 

2-^ 

t  - w 

*»  *  J  p 
to  to  q  ft, 


£  - 
tO  • 


>  to  • 
•  >*  ■*! 
c 


O  •  tf> 

■  a  ?  * 

flU  ■<  4} 

*1  f'J  «N 


THE  EFFECT  OF  STEP  AGING  OH  TENSILE  PROPERTIES  OF  ALLDIS  39.  k9  AND  50 


J 


2  c 

S  H  ®  o\j 


oo  r- 

H  CM  CM 
r-  t»-  f>- 


o  oo  o\ 

CM  H  H 
O  O  O 


HN  OwQ  <*>  r-  ( 
<V\  cn  rS  00  t— t 
C —  C —  C—  VO  MD  ' 


ooo  ooo  ooo  ooo 


-30  U\ 
•  •  • 
H  rl  H 


•  •  • 
eg  cm  cm 


<^r-0 

HCMCVI 


cm 

VS4J 
Os  O'  O' 


H  On  Q 
On  O  O 
nO  P-  f*- 


'O'OH 

rH  CM  CM 


nO  NO  >0 
OOO 


HOO  r-  r*l  O 

nnn  CM 


\AO\N  OOO  eA-jQO  N40 
Hi  •  •  •  ...  •  •  •  *  •  • 

o|  eg  .J  <*\  O  co  r-  r~N^  no  cvj 

<  |  OOO  r- e- f-  vG  O  no  no  O  O 


JO.  cm  (\i  nO  -J  HegNO  nco  O 

'Of'-t'-  H  H  H  J\A  J  CM  rH  CM 

OOO  cococo  f'-f'-r-  r-  j*-  r- 


CO  -J  nO 

333 


CO  O  Os  IACVI  J  CDH4 
•  ••  •  •  •  ••• 

H  <M  H  cm  eg  eg  CM  CM  cm 


O  O  \A 

e-O  eg 

VANH 

eg  o  H 

c»S  On  nO 

O  eso 

CM  CO  O 

w  J  n  | 

.  W 

5H  4<j 

e-  no  nO 
Os  On  On 

no  Nr- 
N-  C*—  Is- 

o  o\  o 

NsO  N 

00  00  CO 
r**  f- 

ca  cm  cm 
c —  n-  e— 

On  CO  On 
OOO 

T.S. 

ksi 

98.1* 

.01.7 

.00.0 

O  ^O 

US-J-J 
CO  CO  CO 

O  eg  H 

On  e-  CO 
N  e—  N 

H\A^ 

Cg  so  -J 
e-  n-  n- 

e-  e-  e- 

-J-J-J 
co  oo  oo 

80.5 

80.0 

80.2 

On  CM  O 

C^CO  CO 
fN-  e- 

JCO 

O'O'A 

>C  \AH 

(V^N 

On  C 

5  On 

D  Q 

r-  r-  n- 

OHH 

J\AOn 

On  C 

5  On 

D  m5 

WUS 

e-  e-  e- 

nO  US  US 

USM 

5  \n 

ooo 


e-Hsus  IA^4  eg  us_j 

•  ••  •••  ••• 

H  H  H  WO  H  ^HCV 


r-r-eg  O  uo  (V  co  O  On 

•  ••  •••  ••• 

rococo  O  Q  us  usnOxa 

e-e-r-  p*-nOnO  Onoo 


On  -  J  O  HOO  \A<M  J 


rr\rr\fr\  f US  rH  CA  On  rH 

co  co  co  r-  o  e-  r->o  s 


US  •  US 

-J  CO  O 

On  US  CM 

CACM  (A 

'■'SO  o 

H  O  H 

r-  r- 

US  O  CM 

r-  i  r- 
On  1  On 

333 

J  H  0O 
US  NO  US 

e-  r-  r- 
usus  us 

rH  rH  rH 

OOO 

O  1  O 

OOO 

o  o  d 

OOO 

odd 

OOO 

ooo 

<*S  ©  f*S 

^  JCO 

On  r—  es 

-J  us  o 

-J  rH  CD 

oo  rH  O 

-JO  US 

H  O  H 

(V  HH 

eg  rH  eg 

-j  »n  jj 

CM  rH  r* 

(M  <A(A 

<A<AfA 

US  VS 

O  co  r-~ 

CM  <A© 

co  r-  co 

f-  On  C*S 

CM  ‘"'A  CM 

t"  O 

"SV  rfS 
OwO 
H  H 

eg  eg  O 
n>0  r- 

00  us  ri 
USnO  O 

s  s  s 

US -JUS 

e-  f-  e- 

r-  On  CD 
O  O  O 

43  US  US 
OOO 

© 

OsS’o. 

cO  V  nO 

CM  rH  nO 

O' -JO 

^  oo 

eA  CM  CM 

(V  J  fA 

H  O'  O 

go  e-  cm 
>0  e-  r- 

HS  <*S  HS 

43  On  r-J 
®  r*-co 

CO  O  Os 

e-  r- 

co  r-  co 

r-  r-  r- 

r-©  r- 

se-N 

H  H 

1  M 

!  i  r 

*  ? 

^  << 

«  ? 

S  p 

O  M 

NA  ► 
'A  M 

O  M 

*  5 

o  * 

• 

>0 

CM 

© 

-J 

CO 

CM 

* 

H 

es 

-J 

rH 

££&%  % 
CO  On  J  «  5 

•  •  •>  Vi 

° 

Hi*  » 

o  o  ov  *  o 

If 

mm  me*  ®  i; 


mm  me* 

On  NO  rH  !e 

•  •  *  w 

J  JJ 


«  c  £ 


c  c  c  8  e  o 

CN  ^  O  PH  A 

d  vA  o  5.  8  -o 

HH  H  •  »-i  • 

444£l  o3 

^  ■<  <  ^  *  h. 

©  £>  0*0  •  Vi 


*«*■*>**-**»*.  — Uff  .’..  .  - 


••d 


Agm  #1  2k  hrs.  mi  2 SO 


THE  EFFECT  OF  STEP  AGING  ON  TENSILE 
P ROPE RTIES  OP  ALLOY  59«S.  No.  277934  [a) 


-75- 


wl 

•I 

H 

a 


h* 

a1' 


4 

c; 

•H 

XI 

3, 


• 

M 

</> 

Ift 

• 

X 

H 

> 

K> 

rl 

• 

W 

c 

C 

At 

•H 

0 

O 

• 

r“i 

/) 

• 

X 

H 

R 

a 

4 

• 

c 

il 

M 

Of 

c 

•*jL 


?• 


£ 

2 


0>  » 

J-w 

1 oooooooooooooo 


XJXI'O'O  •  *0  X>  I  T>  TJ  •  ^2,  * 


f»  ifl  f*  <0  <0  A 


^  ’ 

<Otf\’C'C'00'0'0 


I  I  • 


O'NrH*fO''OC0f'C0 
«(<inNNNKi(n^ 
C0C0C0t'f't''O>O'O 
•  ••••«••* 
ooooooooo 


♦rt  *rt 


•H  »v4 


^oooooiAi/tflNOHn'eo 

000000000r-l»~)^-(i-(0^ 


i|il  ££ 


•>  tOHO'tO''fl(flON 

T)  Vi  VI  XI  X!  I  ••>*•••*• 
^  OOOUHOBHCO 

coO'^r'NNr^'Or' 


•  •»•••#•••••••• 

O'OO'^oooHHinNW'O^'n 

(jiOico®0'0'00'0'Wcooor^Nf' 


/-n  ^  '  o>  ^  ^  ■  t>  - — '  — '  W 

uii4i££>i;£  >££  >£jC> 

^  W  W  V/  *>  ^  w  <£  w  w  ^ 


o 

4 


41 

0 

« 


Ifl  4 

c  M 
o  a 

u 

o  • 

c 

X  *H 

vn  cm 

H 

s 

•H  • 

X  It. 

o 

M  O 

•  m 

4  (M 

*  *> 

£  - 

M 

°  £ 

•  X 

1^ 

4 

*  Ot 

c 

*>  * 

r-t  *» 

a* 

«$ 

♦  u 


0» 

c 

1 

41 

n 

JO 


-X 

u 

4 

e 


•  u. 
CNO 

*  2 

<o 

O'  CO 

• 

n  v 

*  n 
c 

N  - 

» 

«  a 

•  a 

o 

<-l  <N 


;S 


♦> 

41 

X) 

& 

W 

*r4 

4 

V* 

o  * 

tx 

Vi 

>  ♦* 

0 

4  M 

41 

3 

X? 

tf*. 

0  C 

--4 

N 

4->  M 

W 

• 

*-* 

*> 

o 

”0  c 

3 

4)  O 

O 

O  M 

IT  O 

C  M 

3  « 

w 

M 

•H 

o 

X  c 

V  X) 

u  o 

0 

V 

4> 
H 

o 

•  Vi 

S£ 

> 

XI 

«  « 

H  r*4 

,0  M 

4  4 

H  U. 


■r*  C 

*» 

O  W 

£  C 

o 

•>  H 
H  £ 
M  0 
* 

•  5 

(-4  4 

X]  * 

4  ^ 

h  <n 


* I  4 

c 

•H  4  X> 

4  V  ftl 

**  4  -* 

“  X)  *H 

0  4 

O  O  Vi 
C 

CMC 

•  «  41 

o  a  o 

isi 

<n  w)  </) 


4  JO  0X3  *v» 


1) 

4 » u) 

«4‘ 

•n 

•  V* 
U  u 


.1 .. 

til  ' ' 


*'  I 

o  o  *1 

..  * 

HI  n  r-i 

L* 

•  4  0 

Jw*  A  ft.| 


at  o 

i  n  ■  • 

i  aj  i 

-o  \r\ 


1  f 

r  i 

I  { 

1  I 

i  * 


* 


B 


w 

►j 

PQ 

«< 


tJ  . 

•  c/)l 

«  €h 


v  ir> 
</> 


v.  a 

e 


ii 

0  0  4) 

*-*  ft 
■  i  3 

«)  M  r-i 
.  OS  at 

Vj)  O  ft. 


IA 

1 

*i  1 

>< 

V 

O 

u 

c 

d 

■o 

w.  § 

«< 

0  ft) 

<n  e- 

o 

rt 

o 

«V. 

ft  u> 

w 

p(\l 

u 

ft) 

■H 

y. 

ft)  M 

< 

H  .* 

ft)  W 


*9|  : 

3  til 


•O 

Ct  O 

>< 

vta 


—  o 

o  O  O  o  o 


■t  • 
•  rvj 
o  o  o 


o  o  o 

UMA  IA 
t  O'  O'  l  O 


AJ  AJ  C\J 

ro  rvj  <\j 


i  t  ajajco 

UMAlA 


^  .*  JC  tie 

CO  OVA  O 
OOO  OOrlOO 


7)  in  I  to  tc  CO  M)  1  TJ  •  ■ 

>•  ^  - - » 


o  lA-ctcr  o 
01  ml  .  .  .  .  • 
H  »  fArAf\o*VA 

i  r-  O-  O'  r-co 


'•0'CT'  O  AJ  *H  (VlJl^OO 


O  rS  OVA ‘V 

a-  a-  r-  t*-  r- 


«"A 

O 


U) 

■«  c 
d  M 


-"t-  C 
O  O  ' 


•m  - --  O'  O'  O' 
tT  w  t3  tO  •  •  •  • 

Jw  J*  — ■  'w  A)  AJ  I  AJ 

O  O  O 

»— I  fH  r-t 


O'  I  O'  -O  I  4)  CD  I 


so  '-0  -£) 


_J  ■ 

on  co 


C 

o 

ft 

a 

■rt 

£ 

nU 


ft* 

o 


£ 

45 


O’ 

* 


to 

X 


M 

A1 


W 

C 


ft 

jQ 


H 

31 


r-4 

*1 

a) 

ft. 


1. 

*-< 

a) 


0  3 

o1 

ft) 


—  —  to 

u  c  ©  x:  £  > 


c  * 

oO  . 

«<  ft. 

o 

r-4  O. 

c 


/ 


■ 


►Si 

o' 


I 


o  « 

**  a 

n  r-r 

►»*h 

pPu 


r 


ESI 


V%dS 

Xi 
o 


►g 


PSI 


o  o  o 
o  o  o 

III  I  iHHr* 

III  I  I  I  I  I 


«  a 

III  i  i  Oft  i 

III  It  I 

sO  va 


ill  I  Il-rt4 

ill  l  I  AJ  .c*  tA 

I  I  I 


iH 

III  I  I  •  •  • 

til  l  I  O  O  XA 

XA_^  J- 


Hrl'O 

III  II  -^T^ArA 

III  I  I  I  I  I 


CO  f^O 
III  I  I  •  •  • 
III  li 


c\i  r-XA 
III  ii  «AcArA 

III  I  I  I  I  I 


XA^tO 
III  I  I  •  •  • 

111  i  ivO  fAin 

-*-*-=* 


3  C\J  CO  <A>0  CT  nO 

ooo  ooo  ooo  ooooo 

<X)  '-^co  \o  aj  fo-fl  cr 

.©.  ®  ©  I  «  «  I  . 

Jj-w-  I  ^  I  ^t_^XAXA_-^ 

CO  CO  sO  vO  vO  nO  v4  > 

co  O' _zfC\jaj  sO  O' OJ  (“U-^O'O 

_zto'(M  a~gco  cvjo'^o  co  vO  cn  aj  co 

COC'-CC  t^CO  vO'O'O  vfi'O'O'O'D 


*->  • 

■  -t  C 
JJ  ►-« 

<A 

rA 

<A 

«A 

IA 

IA 

-a 

O' 

O' 

O' 

C> 

sO 

vO 

a- 

A- 

OXG 

O' 

O' 

CO 

r- 

A- 

-o  i 

-I  o 

o 

o 

O 

O 

o 

O 

o 

O 

n  x 

as 

i 

v-( 

O' 

O' 

'A 

<A 

AJ 

AJ 

AJ  1 

l  AJ 

• 

XA 

P 

H  C 

rrt 

<H 

AJ 

AJ 

AJ 

l\J 

XA 

4-* 

W  1-4 

N-l 

« 

t: 

5 

•rt 

<M 

AJ 

a- 

a- 

fA 

•A 

r- 

A- 

• 

• 

• 

•  i 

1  • 

X  .* 

-3 

-rt 

rA 

rA 

O 

O 

O  1 

1  O 

O 

O 

O' 

O' 

a> 

CO 

A- 

r-l 

r~ I 

■rt 

<A 

rA 

O' 

<a 

a> 

CD 

CO 

CO 

<Sl  « 

-O 

■ 

vO 

XJ\ 

• 

XA 

• 

1  AJ 

•  1 
-3  » 

1 

1  -f 

O 

O 

o- 

O' 

CO 

CO 

A- 

fi 

■rt 

A) 

01 

rt 

u- 

o 

o 

XA 

aj 

<4 


<y 

31 

u 


*; 

XA 

XA 


n 

c 


to 

c 

■rt 


o 


to 

< 


eo 

e 

B 

dO 

aj 

to 


4-*  U 

+  p 

a  o 


to  « 
C  S' I 

■h  a: 

HO  I  ! 

<  t*. 


It  5 

H 


o 


T 

•I 

.ji- 


S| 

gl  j  f  ♦  »  i  t  *  i  i  i  i 

f|  !•!  »»•  iii  i  •'nr- 

Si  ill  III  i  Ti1?  II!  I  ci"7 


i  o\  Vo  r*-  iii  i  O'O  n 

i  •  •  •  tii  i  •  •  • 

1  O  00  O'.  I  I  I  1  NO  QCO 

I  \A-3  _3  III  I  UN'S  IA 


_3  rnoo  |  |  | 

•  •  •  III 

JMA  III 
1AUNV\  I  I  I 


u  (d)  Stress  corrosion  data 

,ge  #1  2ii  hra  at  250°F  (e)  Not  determined,  specimen  shattered 

(f)  Specimen  failed  at  or  outside  gage  length 


-79- 


ooc- 

00T- 

oot- 

1  1  1 

1  1  1 

I  1  1 

1  4  1 

i  •  l 

1  •  l 

4  t  1 
)  (  t 

1  4  | 

1  I  1 

1  1  4 

t  i  1 

8§8 
r-4  rH  r-4 

1  4  1 

1  i  1 

OOP 

ooo 

<  4  »  rH  rH  rH 

1(1  (  i  ( 

1  1  1 

1  1  1 

VAVAVA 
AJ  CM  Al 
l  1  1 

1  1  I 

1  1  1 

1  1  1 

•  I  I 

<S& 

So 

sx 

AJ®  O 

i  i  l  fvCT  i 

H 

m 

I  l  1 

1  4  1 

m 

r-4  r-4  1 

<AcA 

\  w 

•  1  1  'SA  • 

i  !  ! 

®  VA® 
VAVAVA 

I  1  1 

1  4  1 

00T- 

oor- 

001“ 

t  1  1 

1  1  1 

1 1  * 

1 1 1 

1  t  • 

1  l  1 

4  1  1 

1  t  1 

1  1  1 

1  1  1 

1 1 1 
i  *  i 

®  OCT* 
AJ  VA  PA 

1  *  1 

tit  o 

I  1  1  ®  rH  CT 

1  »  1 

i  i  i 
i  i  i 

r-4  r-4  rH 

1  1  1 

1  1  1 

1  1  1 

1  1  1 

1  1  1 

S3  ( 

aa  o 

P- A- AJ 

CM  O  rH 

t  1  l  CO  00  1 

H  CM 

m 

S  i  1 

1  (  1 

1  1  1 

i  4  : 

O  r-4  r-4 
D  CT  VA 

!  i  i 

4  *  4  O  CT  O 

A-D  A- 

i  i  ! 

VAVAVA 
D  D  ® 

1  1  1 

1  1  1 

ajVa*a 

•  t  i 

114(11 

1  1  1 

I  1  1 

•  1 1 
i  <  ■ 

1  4  1 

1  1  1 

1  4  1 

1  4  1 

1  1  i 

1  1  4 

1  1  4 

rH  CTXA 
rlHH 

4  1  1 

1  <  1 

I  1  1  ®  A- A- 

4,  1  4  III 

i  i  i 
i  i  i 

rH  rH  r-4 
rH  rH  rH 

1  :  1 

1  •  1 

1  1  1 

1  1  1 

1  1  1 

VA«A.CT 

CM  -0® 

rA®  D 

-^CA^J 

l  (  1  <ACTrH 
VAD  D 

rri 

m 

1  I  1 

4  1  1 

1  1  J 

VA®  r-4 
A-D  A- 

J  4  » 

i  1  i  r-4  rM  »H 

r^A-r- 

i  i  i 

D  D  D 
D  D  D 

1  1  1 

1  1  1 

r-r ava 

1  I  i  rA  rA  fA 

1  1  l  <  1  1 

•  *  i 

1 1 1 

1 1 1 

1  1  4 

1  4  1 

4  4  1 

1  1  1 

4  1  1 

4  1  4 

O 

r-4  O'  A 

1  1  1 

1  4  1 

1  1  *  ®A-A- 

III  III 

i  i  i 

CM  rH  rH 
rH  rH  r-4 

1  1  1 

1  1  1 

: : : 

rH  CTO 

O  D  rA 

A- A- AJ 

1  1  l®HO 
VAD  D 

•  4  1 

I  4  1 

1  4  1 

4  1  1 

1  4  ! 

v’  DD 
CT  N-  A~ 

I  4  1 

1  l  l  rltHH 
ANA 

•  i  i 

VAD  D 
D  DO 

1  1  « 

i  1  1 

OOVAO-^O 

OO  o 

o  O  VA 

o  o  o 

O  OO 

O  OVA 

O  OO 

OO  o 

0  —  0 

o  o  o  O  o  o 

OOO 

O  O  VA 

O  O  O 

O  O  O 

<M  rl  rH  r-4  -5  r-4 

r-4  CM  H 

r-4  r-4  r-4 

AJO--4 

tMCT«A 

rH  r-4 

AJ  _rt<A 

IAPA^» 

®  VAD 

jOD  VA 

CO®  CD 

O  O  O®  *~® 

rH  VAfft 

D  -CTVA 

O  'AD 

eg  ct.ct 

r-HVACA 

iroj 

CT*  VA  A- 

^CTCDD  O  r-4  d 

VADD 

VA®  D 

O  VAAJ 

®  CO  CD 

CTCT  CT  1 - •  CT 

COCO  ®  CO  CO 

a-vad 
co  a?  co 

VAVAVA 
C0  03  CD 

-CT'A® 
CD  03  CO 

A-  CTI- 
A-  A-  A- 

eg  aj  fg 
A' A- A- 

Aj  O  AJ 
®  —  ® 

O'  CT  CT* 
A-  A-  [ — 

CT  CT  O' 
A-  A-  A- 

•AfA  CA  AJ  «-l  rH 
A-C- A-  r^p-r- 

A-  P—  A— 
D  D  D 

DD  D 

D  D  D 

r-  a-  a- 
CAVAVA 

« 

CM 0-0  OO  O 

CT®  ® 

D  ''S-t 

A- CD  60 

AJ  rA® 

0*03  00 

U/A-O 

VAVAO 

r-4  CT  VA 

rg  r-4  D  D  rto 

A  JO 

VAD  D 

CT  rH  VA 

CT  vAr— 

«nrg  vA  Aj 
tj-  O'  O'  O'  -D  O' 

O'®  CO 

03  O  O' 
CD  O' CO 

r-uvo 

CD  CO  CD 

O  VA  AJ 
03  CD  CO 

CT  CT  CT 
A-  A-  A- 

4in  j 
CD  03  CD 

AjVACT 
®  O® 

rAr*-\  rA 
®  ®  ® 

O  CT  CT*  D  A>  A- 
®  A-  A-  P-  A-  A- 

D  <AVA 
A- A-  A- 

IAA4 
A- A-  A- 

®  AJ  6 
D  A  A- 

ooo 

UNVAO  VA  VA 
OJ'On  rH 

OCT'S  O  i  O 

o  vact 

CTD  >0 

O'er  ct* 

H-OCO 

r-4  O'  VA 
<\1  O  <-4 
O' O' O' 

J  r-4  AJ 

®  4T  ® 

D  D  D 
D  D  D 
r-  A- A- 

PA  CM® 

O  O' O' 
O'®® 

AJ  AJ 

VA  VA 
®  4  CO 

t— CO  *A 
VA  VA 
®  ®  ® 

'OH'*'  VA  VA 
®  ®  ®  A-  A- 
a-a-a-  r-  i  r- 

rH 

CM  rH  »H 
P-P-A- 

®  ® 
®  ® 
D  1  D 

VAVAO 

DD  O 

rH  rH  rH 

OOO 
DD  D 

hOhh  h 

o  o  o 

o  o  o 

O  O  o 

d  O  O 

O  O  O 

o  o  o 

c  o 

O  O  O 

OOO  O  o 

OOO 

O  '  O 

OOO 

OOO 

O  O  VACO  ® 

vno  «g 

VAC  03 

VAVAVA 

O  VAcd 

O  VA.  AJ 

o  o  o 

O  4  O 

o  o  o 

o  VJ\Cg  CT  CT 

O  O  VA 

CO  CD 

O  U  iAJ 

O  0  VA 

-JVA-J-CT  *  4 

-CTD  VA 

VAD  VA 

-ODD 

lOAN 

CT- O'  O' 

A- U'\D 

A-  A~ 

CT  CT  CT  ®  1  ® 

CTO  CT 

A  1  A- 

rH  —4  r-4 
rH  rH  rH 

Aj  rH  rH 

O'  CT  -CT  O  O 

<"M®  o 

fA®  O 

AJ  OD 

CM  O'  O 

Aj  AJ  CM 

JAJCD 

r-4  r-4 

■O  A-  CM 

rA®  O  r-4  rH 

D  <D  AJ 

rH  rH 

A-  A-  AJ 

rHHH 

mig  e*v\A  i  »/\ 

OO  o  o  >  o 

rH 

100 

99 

100 

CO  CT® 
O' O' O' 

va^^t 
CT  CT  CT 

D  VA-0 
03  <D  CD 

CT  CT  CT 

•  A  AJ  AJ 
O'  CT-CT 

®  t  ® 
CD  ® 

®  A-® 
®  ®  ® 

rH  O  rH  O  *  O 
®  ®  ®  ®  ® 

JAJ 

t^r-r- 

rH  1  rH 
A-  P- 

D  VAD 

D  D  D 

eg  aj  aj 
DDD 

omOi-  a- 

CM  *M® 

Aj  J  r\ 

'’’V-CT® 

40«\J 

VAVAVA 

r-4  'M  D 

VA  VA 

CT-  VA  A- 

'ACT  rH  AJ  Aj 

AJ  A-O 

CT  CT 

-CT®  -H 

®  CT® 

CTct®  ct  •  ct 
o  o  o  o  to 

^Hrlrl  rH 

rAAj  AJ 
OO  O 

rH  rH  rH 

rt  H  r4 

o  o  o 

H  r4  H 

O'  03  CO 
O'  O'  O' 

CT  CT  CT 

VAVAVA 
03®  CD 

r-D  d 
CT  CT  CT 

PA  ,  A 
CT  CT* 

AJ  AJ  Aj 
CT  0  CT 

A-D  A-  A-  IP 
®  ®  ®  ®  ® 

AJ  rH  AJ 
®  ®  ® 

0  5  0 
®  ® 

D  VAD 
A-  A-  A- 

CT  CT  CT 

M  60 

to 

tO 

fit 

tC 

fit 

to 

to 

«  to 

MJ 

w 

to 

r 

4  «  « 

o  < 

o 

«A 

8  * 

O  «< 

ft 

o  < 

ft 

1  * 

o  5 

lA 

•A 

ft  ; 

rA 

O  * 

rr\ 

ft  ;  1 

*A 

O  < 

rA 

AV 

0  < 

rA 

rA 

0  5 

<A 

r\ 

ft  - 

*A 

| 

<M 

J 

CTJ 

fj 

03 

-* 

AJ 

f*\ 

& 

® 

D 

O 

CM 

ft 

® 

•CT 

o  ft.  ®  * 

O  «  tl 
AJ  Q  U  « 

O  D  »-«  l. 

•®  O  ©  -JJ 

s. 


U'MflC'H 

•  x:  c  •  a 

o  -H  ■ 

*\i  « 

*  u  o 

W<-  •  •  « 

*S  f  °“b 

55  i.  «  a 

d  H 

<A  c  S  T3  « 

10  •*, 
V,  c 

N  U  £>  «  t, 
•  *'  3 
♦*>  0,^3  D  *«* 

^  °  | 


ZX 


8§8  §88  §888  §88§  §88  888  ri  VA^A  Ia8*>J  UM’j  i  IAoJ'JOIA 

I  I  |  I  H  Pi  H  HHri  HHrtiH  HriHH  HrlH  HHH  (A  M  (\JHw  H  H  n  ri  ri  r-! 


V.  «|  till  III 

SI 


II  I  I  I  I  III . .  III  III  II 


S2i 

•i  J 

•  ■«- 

| 

U  1  1  i  I 

^  * 

£4. 

MV* 

££, 

Pi  Pi 

£4£. 

<*<M* 

44  <  • 

H  AJ 

44, 

J*VA 

44, 

59.5 
55-9 
57. T 

70.6 

73.1 

71.6 

70.5 

68.2 

69.2 

8888 
|  ri  ri  pi  ri 

1  1  1  1 

§88 
ri  pi  pi 

OOO 

OOO 

pi  ri  ri 

OO  o 
OO  l  o 
ri  ri  »  ri 

OOOO 

oooo 

ri  ri  ri  ri 

i3  OCO 
H  AJ  ri 

A*>0  AJ 
ri  AJ  AJ 

N  aI(3 

I  1  1 

XA  AJ® 
ri  AJ  ri 

1  1  1 

iMAr* 
ri  ri  ri 

1  1  1 

<?.rr.  .0  Q. 
H  H  H  H 
lift 

0  0. 
a“3 

3-.H 

■75 

iSS . 

1 

H  pi  pi 

£S. 

AJ  M 

££. 

I 

Aj  ri 

44.  . 

l  l 

ri(A 

44,  . 

1  i 

AJ  AJ 

COXAAJ 

JH  <A 

r-A-r- 

7U.6 

66.5 

70.6 

IAIAVA 

CAC-VA 

'0>0'0 

®  A-® 

Aj  >0  O 

f"0  0 

®  0-0 

r-ri  o* 
>0  A-^> 

JCA®  O 

A-  AJ  O'  O 
«  N^>  <0 

Cl  'Q  tncc  r-*  -0  eg  j 

V  ■(  -*  ^tU\U>  rA  «A<D 

1*11  III  III 


>OU\  I  UN  ri®OU\  <Af-lA 

l*\rt  I  (A  ri  ri  ri 

II  I  I  I  I  I  III 


•I  A  A  SIR 

St  -h]  o®no  iaaj®  "geo  o  (\j  (A  co  r—  ir\ri  Is-  od-^i-h  >ohj  o  hhh  u\h  h> 

♦*1  to  •{  •  *  •  •  •  •  •  . .  •  ....  ...  ...  . . . 

m|  t-*  aj  aj  o  cr  nO  r-  cac-va  i\jm  i  im  A-oo'ri  r-jvo  jon  O'-Or*-  nn>\j  h  <aaj  u\o®r 

xAUN^jiA  0  0  no  umaia  0  -o  0  ia®  w\0  r~r—  r"  r^-®  r-  000  a-a-a-  r-A-r-  r 


i  A0  O  HHH  VAri  H>  0  0  ri 


•J  A  A  A 


i  si  S 

ii  i  iii 


(MAM  eg  r-l  l  <M  ri  O'  O  <A  t-O® 

-jr-o  ru_*  i  ca  -O  rvjriri 

iii  ii  i  •  i  i  i  iii 


OD  0  OJ  AJ_^fA  (Vi  _^®  C\J 

H  J n  HHH  OJH  ri  M 

III  III  1  1  I  I 


A  A  A 

JSs  O'  IA<A_^  H®Q J  CVJ  O 


m  . 

*•  .*}  OVA  I  W  A-A-AJ  ri 

XA  VA  IA  U\0  0  IA 


CAJ0AJ  -A  CVl  0«  WOO  OOO  H  0-0  VACrr*-  ®<o  CO  H 


1*91  "V  A  •  •  *  y  -a  I  T5  ^  I  I  *01 

ds\ 


S  2  i|  o  ii  !  !  0  0  5  !  a  a  J  ! 

b  w~  "  ~~  “ 


O  oj  r-On  r-  h"ha  o  vaco  (Ari  aj 

•A'  '•  C  AON  A--OXA  A-A-f- 


<AA-  O  A-  O' CO  HAO'  OA« 

-0*1  . . . 

~  O  .  HOH  OOO  HOO  HOO  oooo 


XA_0  0  O  HC  ®«AO  _=T®  O  lAO'AIO 


O'  ®  OJ  r*"'  _3|  CO  OJ  IA  rH  CD  O  Oj  ri  OJ  ^  O.JO  VAOAJ  ®®*A  -OO'Al  _OAJ®  V\ 

trt  •!  £  O  •  ri  O-HO  <0  0  0  CO  O  •  A  -*-^-^0  ao  O  O'  HWO  VAO-0  -3XAXA  _*ri  CA  fACVI  Al  \A 

r  J*  |  o  a  I  O  O'  O  O  (ro^  C  t>  *  O'  uj  a3  co  cr  od  O'  oj  o  co  O  aoaoco  aocoaJ  ®  ®  ®  .o 


"  «  r-|  O' 

DO  V.AJ  Aj  \A 

•  O  '-O’  I  O'  O'  O'  O'  III  till 

P  ^  i  .  i  .  ...  I  I  •  i  •  i 

^  O  O  OOO 

►« 

V.  V.  «•  M>  «0 

*qi  —  ~  _  ~ 

4|  l  4  AAA  III  till 

»  I  —  .1-  ...  Ill  till 

gel  oo  o  ooo 

w  MOV 

O'  O'  IAVALA 

m  «3  I  Pi  eg  0  -3  . . 

fr*  Ji  00  >  o  o5o  iti  iii* 


u  m  «e  «e 

O'  O'  lAtALA 


V.V.  V,  Him 

Mp*  ^  J®VT1 

A^  I  pi  40U\  l  I  I 
ff'O  I  o  OOO  til 

Pi  pi  ri  ri  ri 


Pi  J  pi 

^  *•  ^  (ft  ^  «• 

*  i  8  :  *  ; 


H  •  3  -p 

i*'  I*  ^  Wri 

s  i  k  ;c 

s 


I  I  I  ®  AC 
I  I  I  cco 


Al  ^  Aj  4  AJ  4 

AAA  AAPi 
OOO  N''v>'  vw. 


»&&  S»»  &&&»  *R8 

AJ  Aj  A<  Aj  AjJVAi  AJ  Aj  Aj  Aj  aj  AJ  Aj  Aj  aj  Aj  Aj  ApVa  OOO  OOO 

\AVAVA  UN^KvA 

i3i3i3  ddri  i3i3»Ji9  »«.  322  222 

mi  m  m  im  tm  m 


i  .  1 

s  :  r  : 

papaia  nnn 

i!i  iii 

VAVAVA  VNVAXA 
'0-0  0  >0-0'0 


"\ppvrl*p\ 

NN\\ 

1  *  ♦  ♦ 

C  30  0 
V>\AW\VA 


gm  an  m  m  m  m  m  an 


(CootlKMd) 


Tr.bJ.®  XL  (continued) 

Cr  ?/cOLOXOE3  AGIHG  A5D  QQPtCHIWG  RATES  0”  TEMSXLE  PROPERTIES  AND  STRESS  CORROSION  CRACKIHO  OF  ALLOY 


-*fvt wf>rr 


’'(Win  -v 


o  O  O  o  o  o  ©  o  o  o 

OOO  N  l  If-  COHO'  «£0  0  c*'UN4  0  <-*  r^c\j  O  O  Q  O  O  O  OOO  ACMIAUN  >u  (  l  - 

HHH  HHH  rtH  I  IH  rH  CM  rH  -rH  rH  rH  HHH  CM  CM  <M  rH  f\|  CM  CM  rH  r«  A  r<H  IH  HHH  <M  CM  CM  C  Mrtrl 

III  III  II  I  I  i  I  -ill  ill  till  III  III  I  I  I  I  III  lilt  III 


MH  31 

*J1  8}  ■>  rHI 

cOl  X  ^^1 

bnM 


Q  A  \AH  ^  A  CO  CM  O  cn-O  <D  UNA  4A  O  rH  UN  <*NCM  C©  O  QA  r  0 

n  i  •  . .  *  . . . .  •  i  <•*  i:j  •  i 

f\i  i  cm  o  h  (Dh~  iicg  a  ^4  uvaun  ca4  4  o  c-<d  4  »-»  /H  unca  i  i  i 

o  a  a  A  m5a  a  a**  AAA  AAA  \c\UNir.A  <0v)'0  c.  0  ca r*N 


O  CD  (O'  _ J  AA  I  l  V.  J'  O  O  A  OCO  ■£  o®  UNCM4A  4'^  rliM  O  4  A  AN  ANIAO  IAhuj^O  Kiaic O 

AJrHrH  rH  »H  rH  >  C  |  I  i  HHH  rH  rH  rH  rH  CM  rH  H  H  H  H  H-C  H  HHH  HnHH  f\J  H  H  H  f')  H  H  HHH 


4UN4  OHO  UNrH  CO  A  rH  A  «J40  AOOCM  CD  -TjrHCO  ancd  O  rH  ANA  00''OVA  OOO  O  O  CM  4  f»40 

•  •  •  .  «  .  •  •  I  I . . .  . 

SO  O'  OHO  CD  O'  I  ICQ  4  UN  4  A  ’A  A  4rH  'A  4  A  A  UN  ACQCD  O  O'  O'  O  UN4A  O'  UNCM  CM  A  O  c*N  UNAA 

aa  aa  o  aaa  am?  a  a  a  A  aaa  aaaa  una a  a  una a  ununun 


s  «-s 

05 


A  UN  UN  UNrH 
HHH  HHH 
III  III 


Oc©4  HCOO  O'© 


o  O'  O'  O'  00  co  ct<d  i  \«o  ao4 

fyHH  rHAiCM  HHH  HHrIH  HHH 
III  ill  III  III.  Ill 


HH  14  •’  <  A-  O  UNA  UNA  c*N<M  c*N 
A|H  I  H  f\J  rH  CM  Hr HHH  rH  rH  «H 
II  I  III  I  I  I  I  III 


O'COCO  CMUV)  <^IA44  O  c*NA  0  0  4  A  A 


OHO  COH  OtU 


AJAIAI  O'  CM  rH  UN  CM  |  I  '•A  JU',  J  -4-4-4  rrNfNJ'U  A  4  UN  A  U\or-  r*VT>A  OCQ  14  CDcnrH  CM  CACAAI  O'  Q  O' 

AAA  O  AA  AA  A-  OOo  <04<0  O  Oo  OOOO  O  AO  0<04  04  4  U\4  4  4444  IA41A 


II 

Vt  3|  D4  A  4  CM  »*N  CO  l\J  CM  CM  'A  UNA  A  AOO  CO  A®  AAAM 

<J|  rl  H  H  H  rH  f  1  H  H  H  H  H  HHH  H  CV|  H  HHH  HHrlr 

o|  •  I  »  •  •  I  l  I  I  1  I  ill  l  •  I  •  •  •  III 


H~VCM  CM  i  A  4AO  HH40  4  CM  f^N 

rH  rH  rH  CM  CM  I  Ai  CM  rH  CM  CM  rH  rH  CM  HHH 
III  II  I  III  I  l  I  i  III 


*>  q  w  ^  v< 

•3'q 

rv<5  O' CD  O' 

444 

onn 


v«  V,  V*  V4  V. 

A-  A  A  I  I  I  AA  i  I  A  ill  III  i 

-4|  •  «  •  III  .  .  »  |  .  Ill  III  i 

;d  000  «  • 

4  M| 


iM  A  O  rH  o  O 

...  Ill  •  ■  I  I  • 

A  lA-O  III  |  |  |-N 

AAA  A  A  A 


C.  V.  V, 

»H  »H  >0 


I  I  ,1 


®  m  «D 

CM  4  «M 


► 

O  4  CD  A  <  O  O  **N 

^  ^  M  W  ^  M  ^  m  ^ 


A**N  A 

OOO  VNS  M\IA\AVAA  'A  VA  VAVA\A 
rA  K  QC  rt  HH  rtH  Hrlrl  HHH 

I-’VA'A  +  4  ♦  ^ r*\  r>  fHHiA 


MWA\A  IAUMAIA  OOO  OOQ  QOOO  OOO  OOQO  OOO 

HHrt  HHrtrl  HHH  iAM\UN  *A\AUMA  VAIAVA  IA  VAVALA  HHH 

HHHH  HHH  rH  HH  CM  CM  CM  <M  CMAi<M  CM  >M  ry  c\j  hhh 

35S  533S  sm  «««.  a,®*, 


•J  Cj  aj®<D«‘«3  <D  03  CD  030)00 

444  44444  444  444 


s 1 8§?  ???  n%  m  88^  m  m  s m  m 


&&<?&  cyarar 

2^2  222 


f-4>0 

VA  CA 

CM  O  41AO 

CM  -I'D 

VA'O 

ACU  CA 

OlrH  ArH 

A  A 

4CA«o 

A  rH 

4 

f*NUN  O* 

O  UN  A  UN 

UN  AH 

O'  rH  O 

C3  CM  rH 

ACM  CM  CM  rH 

cO  A  A 

441A 

CM  MCA 

•-A4CA  A 

A  A  A  A 

A  t  A 

CO  O'  A 

O  A 

i  O' 

A  c*NO 

A  4H  O 
UNA  A  A 

a>  o  o 

AAA 

>A  A  A  A  A 

AAA 

AAA 

A  A 

AAA 

A  UN 

UN 

UNA  A 

UN  UN  UN 

CM 

A 

O 

CM 

O 

A 

4 

CM 

A 

4 

A 

CM 

« 

• 

.*  1 

1  1  IA 

l  l  1 

1  -VJ 

l  1  IA 

i  1  rH 

i  i  cm 

i  i  O  ! 

i  i  CD 

1  1  CO 

1  1 

1  1  A 

i  i  <^N  i 

: 

** 

t 

CD 

<D 

CD 

A 

A 

A 

A 

A 

A 

A 

A 

A 

M 

■< 

\  ; 

rH'OCQ 

A  rH  4 

O  »M  I 

•  >o 

OOO 

A  (M  4 

O  C\J  C 

UVD  A  rH 

O  A  <A 

O'rHO 

O  rH 

•  O 

OOO 

0  0  0  0 

«\OCM 

K 

• 

1  ' 

rH  O  O 

r-i  f~i  r-i 

CM  rH 

rH 

OOO 

O  CM  rH 

O  rH  <H 

O  O  O  rH 

rH  rH  rH 

c"'  rH  rH 

O  rH 

rH  O  rH 

o  o  o  o 

rH  O  rH 

CO 

t 

/  t 

t  ; 

CM 

S 

f*UA4 

444 

CD  O 

-3 

CD  A  CM 

Oho 

1-  A  A 

rH  rH  A  CM 

U\A  «M 

A  A-  A 

UN  4 

o 

A  |r'4 

4  CM  •-'NA 

CM4CO 

8 

I  i 

OOO 

VAiAXA 

•O  O  l 

I  A 

JUMA 

hhh 

CM  CM  CM 

O  rH  O  CA 

CM  cAcA 

r-t  r-<  t-i 

CM  ca 

I  HN 

O'  O'  O' 

CM  CM  CM  rH 

rHCUrH 

»  i 

03  CO  (O 

AAA 

A  A 

A 

AAA 

AAA 

A  A  A 

A  A  A  A 

AAA 

AAA 

A  A 

A 

AAA 

A  A  A  A 

AAA 

m 

! 

m 

tj  m 

CM  CACM 

HH  A 

41A 

O 

AlAiH 

AAA 

W\<M  CD 

A  A  A  A 

A  CM  4 

CM  CM  CM 

A  O 

A 

A  rH  4 

A  <D  A  A 

CM  c'NCM 

•  m 

f 

■A  4U> 

HO  H 

"'O  i 

i  c\j 

OOO 

40  A 

AAA 

jm  a  co 

UN  rH  U.' 

AAA 

A  UN 

1  A 

UN  A  A 

CM  4  c*NUN 

®4<0 

AAA 

CO  43  40 

CD  CD 

CO 

A  CD  CD 

AA  A 

r  -  c  -  A 

A  A  A  A 

Aaj  a 

AAA 

A  A 

A 

AAA 

A  A  A  A 

rH  UN 

THE  EFFECT  OF  PROLONGED  AO  DIG  ON  TEMSILE  PROPERTIES  ASP  STRESS  COKROSIOH  CRACKING  OF  A.r.rnY 


Jv  ^jpwBgipiwir r 


-«2- 


Ibso 


a -I 


C  -H 
D  c/3  « 

H  J* 


OOO 

ooo 

HHrt 

1  «  1 

rH 

o- 

1  1  t 

rH  IA<A 
HHH 

1  1  1 

or-4 

HHH 

1  1  1 

&& 

{XJX1 

'OUVO 

OOJrH 

lAO'AI 

*0  AlA 
'fl'OO 

O^OJ 
•  •  • 

\AO 

'O'd'O 

§moj 

1  1  1 

OHO 

^  rH  <H 

1  1  1 

-*CM 
(THH 
l  1  l 

lAPA-^ 
HHH 
t  1  I 

&>Q 

•  l 

$%' 

0>0  IA 

OOO 

P*fk'P- 

oiacvj 

sii 

0  0-00 

rj  h>cm 
'O'O' o 

CO  CVJ  UN 
OJOJ  <\J 

I  1  I 

CDQOQO 

1  1  1 

CO  CO  oo 
i  1  1 

H>H>  rA 
rH  rH  t-i 

1  1  1 

<H(MA 

f-  CT'OO 

>0  O-'O 

r-*o<*\ 

vOlAsO 

r\j  rvj  rvj 
o-  * —  r~- 

co  o  co 
>d  'O  >o 

m  rn  rn 
vO  nO  'O 

CVJCVI  OJ 
HH  H 

1  1  1 

o  o  o 

H  ,H  H 

1  1 

O'  O'  O' 

1  1  1 

1  1  1 

(J'r-i  O 

OHO 

03  <M  O 

^tlAlA 
r^-r*-  o- 

HHH 

0-0-0- 

®<o© 

nOvO'O 

cu  mrn 
43  'O  \£) 

IA 

vD 

IA 

NO 

1  1  IA 
p- 

1  1  o 
o- 

1  1  A 

vO 

1  1  • 

I  1  rH 
•O 

TJ  ©  O 

conjvo 

-34)  in 

np-iA 

hHnO  inmm  mr-'O 


HOO  HHH 

c —  c —  'flO'i)  vi)  nO  o 


TJ  ©  O 

X) 

O 

© 

cn 

•r«| 

1  (\JrH  fv. 

enc-  o 

^too  rH 

r~-«0  cvj 

bO 

rH 

© 

iO  « 

... 

•  » 

• 

•  • 

• 

•  • 

< 

3 

f'  X1 

1  O^fsO 

O'©  CP 

^♦inin 

H_jm 

» 

i — t 

cnxjiu 

o-  r-  o~ 

r-  r-  r- 

r-  r-  r~- 

3 

cfl 

O' 

O 

> 

X 

o 

rH 

*-> 

- — - — -  •' 

tn 

n  ©  o 

* 

OJ 

V 

VH  C 

- -  w 

*■* 

• 

n  ►-« 

-onj  vo 

rr\ 

rH 

rH 

CO 

cu 

o 

•> 

© 

C 

uyjxj 

sO 

sO 

s 

tc 

© 

3 

© 

©u 

OJOJXD 

o- 

i  r- 

-o 

i  o 

43 

1  vO 

X. 

•3 

3 

Q  o 

• 

i 

t 

1 

1  • 

CO 

o 

\  r-H 

o  o  c> 

o 

o 

o 

r> 

O 

o 

ao 

& 

> 

t)  K 

*> 

ai 

OJ 

t. 

o 

© 

— •  — ■ 

* 

•> 

© 

© 

■D  C  u 

© 

r*v 

Vi 

>*qi 

-  •• —  ^ 

t. 

M 

4-1 

inr-r-. 

in 

i  in 

o 

i  o 

o 

I  o 

A 

C-, 

•  •  . 

•  i 

i  • 

«  * 

* 

1 

vU 

o 

© 

-H  C 

lf\«  M  r*> 

o- 

o- 

0s 

o 

O' 

O' 

CVJ 

© 

O 

W  ►  h| 

vO 

jC 

© 

l  • 

bC 

tc 

* 

3* 

rj 

> 

H 

■  — - 

11 

< 

< 

X 

tj  ©  o 

1  OJ 

o 

o 

U\ 

\s\ 

Cvj 

i3  « 

... 

« 

i  * 

• 

i 

« 

o 

o 

TJ 

© 

>«  JXl 

[  aj  r-  vu 

r- 

i  o- 

i 

l  <o 

vO 

1  <o 

_ _ • 

a  >a.>  43 

o» 

sO 

>0 

43 

•» 

© 

u 

•o  ©  u 

O 

1  rvjfntr 

-? 

m 

ru 

~s 

-1 

(/>  « 

|  N  1  • 

i  • 

i  » 

1  « 

H  .*1 

|  "043 

o 

i  4) 

o 

•  O 

<v 

•  CO 

OO  o 

CO 

cu 

ao 

CO 

f- 

o  »  o  o  *©  o  to 

in  >  l/\f*0  t»  m  > 

CU  <  r\j  ^  r*\  < 


t 


a  o  o  o 

>fc.C|  ooo  C'O* 3  vO oj  r-  egnn 

0|  HHH  OJ_*rA  HHH  OJ  fg  eg 

III  III  ill  III 

TJ  • 

©  CO  ^ 

tn  «  o  O  © 

©  >i  +J  f* 

©  h  3  0)  0}  co  -O  eg  C\j  ca  OOO^t 

t«V  «  «h  QQi  . 

-Pin*  >»«H  I  O'  O  m  vO-4U\  r-l  H  H 

to  r-  •> 4  d  hh  lAinrn  sog5>o  'C'OsO 

co  Q  Ou 


•o  . 

©  CO  t 
»  •  o  o  © 
n  >h  *->  k 
©  H  3 

oo  «  h 
x>  o  x  P*»h 
CO  IA  *  0  «fl 

to  O  £ 


V.Q 
•  -J 
*~t  c 
W  h 


o 

O  VACO 

H  ca>5 

1  1  1 

COO1 

O-^O- 
rl  H  H 

I  I  1 

o  eg  rH 

r-l  <\J  rH 

1  1  1 

oj  eg  rg 

i  i  i 

a 

« 

O-H  O' 

u\>o  >o 

-4-0  r- 

(MOD  l 

CNr- 

rAO-lA 

CM  rH  rH 

<0  IA 

sO 

«o  >o  >0 

vO  vO  'O 

IAOO- 

r->OsO 

lA'O'O 

(Ah  eg 

("AfArA 

1  1  1 

r-l  rH  rH 

1  1  1 

HHH 

1  1  1 

og  eg  oj 

i  i  i 

lACXJcO 

Oto  -3 

vOco  eg 

eg  rH  so 

CO  lAX) 

ooo 

OHO 
O  sO  NO 

IAUMA 

r—  c —  c — 

'O'O'O 

fAlA^ 

rA  rA<"A 

i  >  I 

ooo 

O  0~  O' 

eg  eg  oj 

eg  eg  eg 

i  i  i 

eg  h  h 

i  i  i 

eg  eg  oj 

i  i  i 

nO  IAsO 

UUAIA 

r-esj  o 

in  O'  r- 

OCO  0s 

r-  o-o- 

rgu\_* 

ooo 

vOlTlA 

v£)  vO  'O 

nC'OnO 

sO  'O  'O 

C\J 

a° 

eg 

eg 

•  i  o- 

i  i  in 

i  i  o 

1  1  vQ 

co 

o- 

o- 

nO 

TJ  ©  O 

IAO-H 

o-coao 

r-as  ca 

co  in«o 

HOrl 

eg  oj  rg 

OJ  rAtA 

fACAcA 

T3  ©  O 

eg  O'tA 

nO  OCO 

fAH  eg 

O'xfrg 

A!  vO  O' 

tAvOXA 

ooo 

LT\gD  X) 

0s  CO  CO 

r-  o- 

O-  0~ 

vO  'O  'O 

X>  ©  V 

1  vO  CMA 

O'  o  o 

in  O'  o- 

vD  O'® 

1  o-o-rg 

O-COeD 

O-  0“  A- 

O'  cO  O' 

CO  CO  CO 

r-o-  o- 

0-0-0- 

T3  ©  O 

<D  J  A 

rA  r*\ 

in  in 

o-  o- 

•O  -O 

o  o 

in  in 

co  co  co 

r-  i  r- 

o~  i  o- 

nC  I  -o 

ooo 

o  *  o 

o  o 

O  1  o 

T>  ©  O 

HO-C 

o  »  o 

o  *  o 

O  1  O 

U\rH  (\i 

r~  1  o- 

o-  r- 

O  1  o 

T)  ©  O 

I  fA<X)  *H 

o~  o- 

-O  vO 

H  H 

IA  in 

1  0s  ao  (T' 

o  i  O 

-3  1  -3 

CO  1  CO 

O'  O'  O' 

a>  <r> 

o-  o- 

-O  NO 

•o  •  o 

-o  r-<o 

1  •  •  • 

r-  e- 

O'  co 

1  >0 

•  i 

•  i  • 

•  1  • 

1  ooo 

o  i  o 

in  i  in 

rg  (  eg 

r-l  H  H 

O'  O' 

aj  co 

CO  X) 

o 

60 

O  O  to 

O 

to 

in 

to 

in 

> 

men  t» 

rA 

> 

H 

> 

eg 

•< 

eg  ca< 

rA 

< 

CA 

< 

€  X>  O  X>  © 


nO  ® 


(C 


! 


cm'  c7cm£?<m'™  cm  o  cm  cm  cm  cm  cm  "v  cm  cm  Cwwww 

sgsla  d^sSf  HHi  mil  mis  “£££l 

goCggg  guw>‘3g  00S0S  ooooo  goooo  ooooo  ooooo 


^  cm  cm  cm  <M 


-C  *4  —3  J  J 

(U  C(J  a>  OQ  U) 


^  'i  j  'j  j  j  cO  —3  J  _1  —3  >3  -3  -3  -3  *3  -3  —3  -J 

ij  to  <o  ui  co  co  co  cm  uo  co  ajajujajco  *5  ^  ^  “l-  ^ 


M 

<SiS<c<c<c  sasss;  ssssc  sssfss  sssss  Sssj-s 


j  «->  o  ^  *■> 

2  <m  <m  <m  cm 

MU\<^w(V  ’>— 

OH33IV  HJ  -3 


CM  <M%0  CM  CM  CM 

WWH  vw  v'f*1  “  Q 

33  *-3-3  -3  CM  UN  O 


w  — ^UN  O 
J3 


{  g«P 

?i8i 

S  i 


;^o~s  7a«a;}  €€“i€i  ijvv5  Sssj- 

;h-hVh“  ssggs  3g3gS  gg«?gg  g<3a^i  ggg<ss 


M 

HHOOO  0\  OtCD  (O  CO  UMAUN-3-3  ^  CM  CM  rH  rH  ^  O  O  O  OOOOO  ^  O  O  O  O 

IAUMAVAVA  43333  JJJ44  -3  -3  -3  -3  3*  44JJJ  -3 -3 -3 


CM  CM  CM  _3  CM 

ru  r-4  _  s-»  ww^Oj'n  w  ri  CM 

-  Co  ^  ^  CM  -3  J3  -3  *fcC  ^  J  ^  ^ 

I  I  H  •  CV  -Hs3  *  VO  CM  2  r-  »#^0  •  S  J'  j 

I  |  .  i  •  m  <— «  «  a  •>  «  «M  «  «C  k  *  »u\  Id  *  "n  J 

,  I  H  I  H  rH  U\  ^  r~  HCSHO'O  O  O  O  CM  Os  r-4  CM 


I  I  I  r-i  i 

III- 
I  I  I  r-t  , 


onor-WN 


I  I  »  UN  UN  I  1-3  1-3 

i  i  i  r—  r*-  i  i  f*  i  p* 

iii  ii  i 


a)  O)  «Q  ^"t)  _J  _3  <*N  CM  CM  (V  CM  H  H  Q  Q  O  Q  Q  O 

2  >0 'O  >0  >2  'O'2'O’O’O  'O'O'O'OhJ  ■JjmS'O'O'O 


lr-i^x;i3  »-  c.  ft  c:  h  £  h  4  h  h  h  4  h  h  oi  w  h  h 


Q  O  co  ~tt<D  ^HOOflCM'O  'O'fl  HdO  O  liap  r-  - 
(5\  5s  ao  — 2  co  vD  — --D  r-  r-  r-  co  co  co  co  ^  r-  c-  c 


'  ,  CM  CM  r 

CO  ^1  O  O  < 

4sl 


CM  O  O  Ov  w  MJ  VN  -3  >0  CM  CM  CM  r^-  UN  -3  ^  o  O  O  Q 
Os  CK  Os  CO  Os  2  CD  CO  CD  CO  CO  CO  co  CO  CO  CO  CO  CO  Oi  co 


OOO  CJ  o  O  — .  CP  O  U  O  «l 

OOHHH  W  HHO  H  ^‘''H  — -UN  ^  H  H  H  I 

V  V  V  V  V  V  vvv 


-  r-4  UN  TJ  -3  H^4U\0 


^  *1  Os  CM  7»N  r*\  nnio  O'  O  r+\  — >.  U>  f"* 'O  -3 

c  com!  ohooo  ohoho  O'  o  oo  -a  o  O'  Is-  o 

5  hUSI  rtHrtrtW  -<  H 


23?SS  ISSS?  SSSfl'S 

rl  rJ  H  H  H  H  rirlil  H  H  ' — "  H 


COCO  TJNCMJC  CD  Os  CO  <0  CD 


t  I 

o  o  +  fc.  o 

I  I 


co  O  co  <o  co  oo  aj  co  co  co 

CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


833:35 


nas  s 


jnnO^ 

nNNM^ 
BNC-C-f^ 
CM  CM  CM  CM  CM 


—3  C —  C—  CM 

gsjst; 

j  ^nfs- 


{XR*&rt  ££**£  83*8-0 


777376  4  90(«)  8S(«) 


T*blt 


I  „! 


•Nrww^tw  CM  CM  CM  ^  CM  cJn?*N?V  W">  N<Vft|(V  MINN^r?  NN(V(^<V 

1151  IIIII  lllil  ^5555  55515  55555  5555s  5555  55555  55555 

jclsl  88888  88888  88888  83383  88888  88888  <>.8888  38888  88888 


-la 


8S8S5  sasas  aaaaa  sasa®  ssssa  aaaaa  aaaaa  aaaaa  aaaaa  1 

i 

+» 


m  f*-  WHJ  <'lNNN^  <M  CM  CM  CM  <M  CM  CM  CM  nNWfln  CM  CM  J?  CM  CM  CM  CM  CM  CM 

35111  *3151  mis  51111  llsli  liifl  211*1  if3||  flflf 


sail 

g  5g|  *****  *****  a*S**  *****  $****  *****  *****  **33* 


*M  'O 
4i  «M  .. .  w 
»M  un  —4  (  > 


,fl  saiM 

.$1  ™:' 


^  -5# 

o  u  .QO  Uv 
lJ\-4  f*  K  ^ 
MU  »  O  * 

4  m  *  '  *»-n 

JOH-O 


4U>4~'  -3  U\  ^  4  _4 1 

'>  ®  "flu  »  a.  »<M  »  «  J)(Da 


••  -.»  -5  O  O  v^i 

'  -3  CM  CM  -3  -3 

*0»  H>  t  -  •>  ~  -OJ  O 

~  rlrCHiJC  « 

.  ^  ^  r-  U\  C  CM  r-C  CM  o  ••> 


I  *■  u  4.1  0-OH)WU>  U\_J4J  J  _3_J_J_3_3  |  .3  •*"!  «*\  *  >  ••«•'»  CM  *M  CM  iM  iu  ,  a  .  I 

**,u  *•  ,  ,w'  IMAUN^m  U\U\UMi\^  IMAIAUUJ>  IU\u  UU.,  u  b\«Mr>lA  ImX(i\U<lA 


r(li>rUM  .3  •*'.■«  .• 


!bbl  •-'■  “•"  ••>  -ii-  *  ars*  seuzz  issSs  csss*  auas? 


/!:l 


,*  ,‘  j;  r’  11  ["  r  J  r~’  - J  \  ’  ’  £  i'4  **  i'*  '*  ’  ^  *■*  *  r-«  <-1  0\  O  O  O  O  <f-  c>.  xJ  IMMjJXih 

‘  a  r  '  f  r  ^  ■  I-  r  c~  r  r-  r  r  r-  ^  c-  c-  r-  r~  r-  1--  <>  *.  m.  m-  -o  4>  m  Co 


t\  - 


•  «i  *.  V  ©  O  © 

V,  >—  ^  "0 

♦  <4>  <M  0\  ^  -  H  H  » 


»>■  3  >0  1' H  HAi  u  O  r-  r-  a)  O  m")  r-  u . 


"til  11  '*  0  a.  ?  aj  a)  1 


l  L>  V  ©  l>  ©  evv  t 


**.■  r-  c-  r-  r-  •*> 


t'i|j|  a  ^  «t)  a  ^  «)'  (V  a 


*j  -i  •  tr/  aj  oj  4J  ■*}  r-  aj 


<5  r  OK  v*. 

MD 


^  -?  f?  f'  v  r-  on  o  ^5  u>5  •,  ■» 

-ri  4)  «>  >0  O  r-  «  q)  r>  i  c  r  «.»  r-^  r-  t? 


tii  1 

'U  x  Hi  M  -O  »M  <4  «t>  . 

I  III  I 


<  V  0  i  S’  A  '  *  «-)  I-  •*'  (>  V.‘»U  _7  CM  ■) 

•  '  •  1  1  ^  I  n  r'  r«t^  n  JfM  (M  (N  ""|  I  4 


1  **^4  ;;?*M  u$**  v'^- 

«!  t.&ssAc  k*.£^  J.SJ5SS  ^.xi-.fcr.  xssjig  ssa^i:  rr.LsH 


XMf. J;:  i fjiCii 


^  _4 

•  *  ■»  ' 4  \t 


!7 


t 


Table  IUV  (Continued) 


^“i^cy  <v  ^ 

fC  3  <\T  M  ^ 

N(y«VN  IS 

r* 

ffflf 

IsIfS 

<©  *3 

ggggg 

ggggg 

he  M  M  M  M 

o  o  o  o  o 

w:  * 
O  -9 

7? 

f-  r-kO  sc 

H  H  H  <-4  rl 

'O'O'C'O^ 

H  H  H  rt  H 

'£'0'0>A>0 

rl  H  rl  rl  rl 

>0  «*\ 
r~*  r-4 

fag 

o  o 

S2f 

M 

fY  CN  O 


S 


IX  CK  C<  *■>  PS  -"S  <*  P*  l-S  (VNMVN  O# 

jgf££2  f - 

gaggg  ggSog  ggggg  g~ 


jj/n<nX  w  n  cv  w  ^  cy  r*  c\  <s  Cv  r~i  -o 
i*\ '•■%  ^  n  |*N  »n  r^,  <—\py 


S3g 


t*  Ot  Ct> 

<v 


,r;if 


?  >  */'  ~3 
*  ^\  «S; 


«>  «„* 


^  £.  ©k  f-~  r* 

r-  r->  ^  r- 
*—  l?v  r-  <K 
f«  «>  N  P*  f » 


v,  J  f:  *  /’  i;  Si  3  s  X 

*:syr-f^ 

«i  v*>  r-  n  F  >  ^  c 
N  p«  r«  is  n  <s  p,  r* 


«:  r  - 


tt.| 

sal 


«  ^  V  V/>  ^ 


£-■  V.- 
•O  -i.’  * 
*~  *-  *- 

*»  v>  v 
*-  e-  t- 
rCii 

^  f* 


8 

1- 

£ 

c 


8 

u 

£ 


% 

w 

■< 

S 

r 

S 


in 

*•  •  • 

«  %:  w  w 

i  r  - 
i*44 


k  v 


»■•  s*. 


.*  r-  - 


5  * 

*\\ 

«  -Tv 

34' 


:  m 

*  *  » 

£££ 
•  ys'» 

An  M 

!S35 

I  •»-'  V.-.  _3 


2  4 


U  *-  V-  i  r-« 

^  S  X  %  <fc 

£  *  '  ,  "  iRXIf 

e  t  «  il  -  ~  ■•'•  X 

*  ?  -*  ■  c  • 

«  '--  v  v  t.-  a  *  ^  V  ** 

*  •  d  *  v*U 

-»  «  i>  »  l  r:  m  r  ■> 

Sc  i  &  m  Si  jf  J  -3 

*■  -  fU*. 

k  V  ?  vx 

#  t 

i  -J  >  r  3  L  »  •  *  «- 

k  e  s  ?  -S  ‘  ■•  •  j  s  j  i 

9  9 9  V  9  V  7  9 

.  3 ;  . 

u  *■  1  •  <  »  »  x  * 

*  5-c-*v-*sse* 

g-o|i  ilk.’ 

Tabls  XI.V 


A.  P.  M.  AI.L01T3  MBBTINO  STIIBSS  CORROSION  AND  STRENGTH  TARGETS 


Composition.  * 

Longitudinal 

~7bT 

Stress 

Days 

1  to 
Failure 

T.S. 

Y.S 

.  Ei.,% 

iiUSJt 

Zn  Mji 

Cu 

Other 

Aginq  fa) 

ksi 

ksi 

In  4D 

ksi 

T*Xo*t  li  » 

10*  a 

itti  no  failures  at 

75*  Y.S, 

83 

73 

5 

>48 

O  K  84 

Ac  Meets  rarget 

8? 

7.6  2.5 

1  .  1 

2.2  Kb.  2.3  Ni  , 

2  Cr . 

6  3  250  ♦  8  a  330 

90 

HI 

7 

57 

O  K  84 

87 

7.6  2.5 

l.i 

2.2  Fo,  2.3  Ni, 

.2  Cr 

16  a  330 

86 

75 

7 

52 

0  K  84 

77 

6.8  2.8 

2.1 

1.0  Mn,  .5  C^, 

l  2r. 

6  ®  250  +83  330 

66 

79 

8 

54 

O  K  84 

90 

7.5  2.4 

1.0 

1.1  Fe,  1.0  Ni, 

.2  Cr. 

t  a  250  ♦  8  @  330 

84 

78 

8 

54 

0  K  84 

8.  May  Meat  Target  A/TBI 

:  Changes  in  Aging  Practices 

71 

9.3  3.6 

.5 

.7  Co,  .02  Cr, 

.02  Tr. 

24  a  250  +  8  3330 

87 

80 

9 

60 

45.54 

52 

10.0  4.0 

.9 

1.5  Co,  .01  Cr. 

.02  Ti 

24  3  250  ♦  4  3330 

94 

89 

4 

54 

33,33 

*4 

7.8  2.3 

1.0 

3.5  Fe,  4.9  Ni, 

.09  Ci 

6  3  250  +83  330 

88 

83 

<i 

61 

OK  84 

Tataet  III  717H-T651  + 

lO*  Strength  Improvement .  Equal 

Stress.  Corrosion.  Resistance 

101 

02 

5 

7-20 

O  K  84 

A. 

Meets  Target 

71 

9.3  3.6 

.5 

.7  Co,  .02  Cr, 

.02  Ti 

24  3  250 

108 

105 

5 

22 

0  K  84 

8. 

May  Meet  Target  After  Changes  in  Aging  Practices 

52 

10. 0  4.0 

.9 

1.5  Co,  .01  Cr, 

.02  Ti 

24  3  250 

106 

103 

2 

45 

12,15 

87 

7.6  2.5 

1.1 

2.2  Fe,  2.3  Ni , 

.2  Cr. 

24  3  250 

105 

99 

3 

45 

82,  0K8  4 

52 

10.0  4.0 

.9 

1.5  Co,  .01  Cr, 

.02  Ti 

24  3  250 

109 

106 

3 

49 

1.1 

Target  III:  Better  Stress  Currusion  Resistance 

Than  717H-T651 

92 

84 

5 

7-20 

C  K  84 

A,  Ms«ts  Target 

71 

9.3  3.6 

.5 

.7  Co,  . 02  Cr , 

.02  Ti 

24  fl  250 

108 

105 

5 

22 

O  K  84 

90 

%r. 

1.0 

1.1  K«,  1.0  Ni., 

.2  Cr 

24  3  250 

99 

93 

5 

20 

0  K  28 

71 

9.3  3,6 

.5 

.7  Co,  .02  Cr, 

.02  Ti 

24  3  250  ♦  3  <4370 

94 

88 

t 

40 

0  K  34 

B.  May  Meet  r  »rget  After 

Chan 

ges  in  Aging  Practices 

52 

10.0  4.0 

.9 

1.5  Co  .01  Cr, 

.07  li 

24  H  250 

106 

103 

2 

24 

O  K  84 

m 

7,6  2.5 

i.i 

.02  Mn,  2.2  Fe, 
.2  Cr. 

2  3  Ni, 

24  3  250 

105 

99 

3 

22 

0  K  84 

52 

10.0  4.0 

.9 

1.5  Co.  .01  Ci  , 

.02  rt 

24  3  250  ♦  »  «  330 

9  4 

89 

4 

40 

0  K  84 

3 

12.3  4.0 

1  6 

.5  Mu 

2  1  3  250  ♦  3  3330 

102 

99 

3 

20 

0  K  84 

79 

6.5  2.7 

2.  1 

1.0  ki'i,  .  5  Cr  . 

2a  3  250 

97 

88 

4 

20 

0  K  84 

(») 

A*,  k  Specimen*  SIM 

*  Hr  u 

o 

At  H60  K ,  lohi  i)u«*ncheti ,  Ag«<l  a*  noted. 

(b) 

Bxposed  in  3V*  NaCl  Ai 

b*th  *t  rooa  temperAture. 

Stressed  In  short 

transverse 

direction. 

TABLE  XLtfl 

ELECTKOW  HICROVROBE  SgWl-QDAOTITATIVE  ANALYSIS  OF  LARGE  COHSTITDEHT  PABTICXBS 


a|  fc  E  &  S  £  £ 


*11°  t  a  a  * 


y  i  °  i  a  a  s 


<s|  I  I  i 


o  o  o 


H  I  H  I  I 


i  a  a  i  i 


\b  \  *  H  **■  »  l 


5*1  8  I  I  I  I  ° 

J1 


I  J  I  I 


"III 


5  "  c  °  °  ° 


*\  r\  O  O'  O 


sj  s  ~ 


<?  r\  r*. 


«  O  O  Q  W 


*  fc  8  £  £  St 

§  g  i  i  i  § 


a  a  a 


1  * 
*  3 


!  I 

I  8 


O  • 

Vi  r\ 

§  5 


« a 


!  a 
I  • 
1  I 


«  «cv  -  - 
•  «4  *  O  « 
%.  H  -H  £  *. 
fr* 


♦  V  w 

a  :  i  * 

5  3  1  « 

i  £  *  s 

Ilf! 


£&«££ 


V  V  I  V  I) 


♦»  v 

i?  i 

& 

V 


I  St  SI 

KKtlftlft 


•  •  •  •  • 
HONHO 


i  t  i  i  i 
**  «  U  IU  « 


•s  a  -3  s 

U  ©  * 

^  “  s  s 

ft  *  *  *; 

3  a  I  2 


v  « 


x  j  3 


j 

: 

) 


Hjn 


TAMS  XLVTT 


»>- ;  ¥  fr  K » J : ■ ■  It  m  W  •  4  4 1» * : f--»  ft  g  > ***/'«»• 


63  Al-O. 


PARTI  <X«S  CT 


IS 

c 


I 


« 


ai 

$1 


a 


21 


21 

f 

$ 

I* 

21 

21 

21 

5! 

a 

H 

s 


* 


~‘K‘~ 

0* 

<*• 

«n 

& 

O* 

« 

M 

N 

si: 

2 

• 

n!  4  •  •  •  1 

•  i 

• 

•  JI  II  1 

•  i 

i 

•  l  l  l  l  1 

•  i 

O  O 

o 

• 

H  H  1  1  |  | 

S  i 

i 

•  1  1  1  1  1 

40 

• 

•  1  •  CM  1  CM 

1  t 

i 

1  1  •  1  1  1 

!  1 

<  i  i  i  i  1 1  i 


•  i  i  i  i  1 1  • 


I  h  t(« 


*S3  8 


*  •  •  i  i  i«  i 

o 

*  r*  •  1  I  I  I  I 

*  I  8  S  CM  lift  | 
U  O  O  o  0  U 

x  asaids 

3  3|33333 

i  mils  I 


I 

o> 

*1 


uu  u 


38  3 

*■«  «  *  •  HH  H 


'  *»*  •  I  s  i  i  i  I  I  I 
<>>••1111111 


o  m  o  o 

H  IHPIOrin^^  |  |  | 

$•>■•1111)11 


•  ••••*••  i  2  i  i 


•  -  •  •  •  •  •  I  •  CM  I  I 


•  •  t  H  I  H  H  rt  rt  8  8  W 
V  V  V  V  V 


•  I  I  nHHNNHHKIS 

..«8».S2„ , ,2 

.3*3  .asassss 

«  o  o  V  o  o  o  o  o 

r*  H  >■*  r*  r4  ri  H  H  rj 

IIII3I1?3333 

iiijiilliiii 


•nnm^MQOM'^i-i^fe, 


in 

8 

o 


o> 

* 


o 

o 

9k 

2 

H 

O 

• 

Or 

9k 

2 

o 


« 

W 

I 

h 

£ 

X 

1 

j 

om  o 
* 

<  J 

$ 
o 


■ 

4* 

a 


3  J 


O 

2 

M 

o 

o 

«k 

3 

CM 

o 

«k 

* 

•M 

o 

* 

•» 

2 

8 


m 

>  N 

*  o 


s 

8 

o 

9k 

3 

8 

o 

9k 

8 

n 
<o 

c 
* 

CM 
« 

m 

3 

n 

* 

■»  * 

5  5 

sfSs 

H  fv  H 
H  •  H 

<  o  < 

*■«* 

* 


» 

* 

5 

H 

fl 

5 

5 


•H 

8 

8 


•  V 
0 
a 


S 

M 


M 

Is 

it 


O 

•H 

H 

H 

4 

♦* 

3* 

f| 

J: 

H 

vK 

o 

li 

:i 

•H 

H  H 

3s 


2  9 

4  « 

I 

I  U 
8| 
•s 

Is 

S3 


1 


*5 

11 

lh 

5SS 

•sis 

ill 

IX  5 

NH 

•S'S  £ 

♦*  fa. 

&!  « 

8-2 

■  35 
♦» 

s:J 

3«- 

•H  •  • 

hi 


2“  £ 


1DEHTIFICATI0N  OF  PHASES  I.  POWDERS  AND  EXTRUDED  SBCTIO.i 


f'-VW) 
OOO  l 


H  iH  <\J  (\J 
O  O  O  O 


(7s  nD  rH  f„ 
OrlOO 


r-1 

a>(\i  O  I 


f\icy  h 
O  O  O  i 


o 

o 

fA 

CA 

<A 

rA 

\ 

\ 

o 

O 

<\J 

rg 

i 

1  ♦ 

i  ♦ 

O  IA 

i  O  XA 

!  oo 

i  o  o 

VA  r-1 

«  va^ 

I  IAIA 

»  W\\A 

(M  rA 

rg  fA 

rg  eg 

rg  rg 

\  • 

N\ 

\  \ 

w 

_*<£> 

rg  .3 

AJ  -1 

rg  aj 

rg  rg 

lO  f\i  H© 
JU\Q  U> 


A- CD  O  (T 

r-  vact  rg 


1 


rg 

u\ 


'  c  )  PeNlAlq  finer  In  powder,  uount  increased  in  extrusion, 
(d'  The  amount  of  FeFlAlq  increases  in  extrusion. 

!e)  Four  lines  uni  lent  if led . 


250*01  A. 


0.21  17  ~  23  150  350  500  v  2,000  ^ 

APPROXIMATE  COOLING  RATE,  °F/SEC. 

FIGURE  1 

THE  EFFECT  OF  COOLING  RATE  ON  YIELD  STRENGTHS  OF  EXTRUSIONS 
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TEMPERATURE,  F 
FIGURE  4 

THE  EFFECT  OF  TIME  AT  TEMPERATURE  ON  LONGITUDINAL  TENSILE  PROPERTIES 


LONGITUDINAL  TENSILE  PROPERTIES  AFTER  IOO  HOURS  AT  TEMPERATURE 
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FIGURE  6 

THE  EFFECT  OF  STEP  AGING  ON  ALLOY  38 -LONGITUDINAL 
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FIGURE  7 

THE  EFFECT  OF  STEP  AGING  ON  ALLOY  38"  TRANSVERSE 
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(All  specimens  SHT  2  hours  at  860#F,  CWQf  Age  number  I  %  24  hours  of  25(f  F ) 
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THE  EFFECT  OF  STEP  AGING  ON  ALLOY  52  -  LONGITUDINAL 
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(All  specimens  SHT  2  hours  ot  860',F,CWQ,  Age  number  I,  24 hours  of  250*F) 

FIGURE  9 

THE  REPRODUCIBILITY  OF  STEP  AGING  ON  ALLOY  52  -  LONGITUDINAL 
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FIGURE  13 

COMPARISON  OF  AGE  NUMBER  TWO  ON  RELATIVE  RESISTANCE  TO  STRESS 

CORROSION  CRACKING  FOR  ALLOY  2 
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FIGURE  31 

COMPARISON  OF  RELATIVE  RESISTANCE  TO  STRESS  CORROSION  CRACKING 
OF  APM  ALLOY  34,79,87  AND  90  EXTRUSIONS 
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FIGURE  35:  ALLOY  38.  Al-8.4  Zn  -  3.6  Mg  -  1.0  Mn  -  0.8 
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FIGURE  36:  ALLOY  15.  Al-11.4  Zn-3.4  Mg-1.5  Cu-.5  Cr-.5  Ti-.5  V-.6  Zr 
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KELLER'S  ETCH 
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FIGURE  37:  ALLOY  22.  A1  -  7.9  Zn  -  8  4  Mq  -  14.9  Cu 
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Extrusion  in  -T6  Temper 
Keller's  Etch 
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Figure  38 

Alloy  71.  A1  -  9.3  Zn  -  3.6  Mg  -  0.5  Cu  -  0.7  Co 


Extrusion  in  -T6  +  20  hrs  at  330*F  Temper 
Keller's  Etch 

Figure  39 
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Alloy  71.  A1  -  9.3  Zn  -  3.6  Mg  -  0.5  Cu  -  0.7  Co 
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Figure  40 

Electron  nicrograph  showing  the  structure 
of  Alloy  34  powder. 
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Figure  41 

Electron  micrograph  showing  the  structure 
of  Alloy  87  powder. 
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Figure  42 


Electron  micrograph  showing  the  structure 
of  Alloy  52  powder. 
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S-293303 
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Electron  nicrograph  shoeing  the  structure  of 
Alloy  71  powder.  Particles  in  this  powder  were 
slightly  less  uniformly  dispersed  than  in  the  other 
powders . 
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S-283441-A  Oxide  Replica  10,000X 

Alloy  34-T6  Powder  Extrusion 


Figure  44 

Shows  the  structure  (longitudinal  section) 
of  the  extrusion  made  from  Alloy  34  powder. 
Extrusion  has  been  S.H.T.  2  hrs  at  860*F, 
C.W.Q.,  Aged  24  hrs  at  250*F. 
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S-293196-B  Oxide  Replica  10,000x 


Alloy  87  Prolonged  Age  Powder  Extrusion 


Figure  47 

Shows  the  structure  of  Alloy  87  powder 
extrusion  that  had  been  S.H.T.  2  hrs  at 
8€0*F,  C.W.Q.  and  Aged  48  hrs  at  315*F. 
Probable  identification  of  dispersoid  and 
precipitate  phases  is  noted. 
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S-283490-A  Oxide  Replica  10,000x 

Alloy  52-T6  Powder  Extrusion 


Figure  48 

Shows  the  structure  of  the  extruded  section 
made  from  the  Alloy  52  powder  that  was  S.H.T. 

2  hrs  at  860*F,  C.W.Q.  and  Aged  24  hrs  at 
250*F.  Note  the  large  amount  of  (Mg-Zn)  pre¬ 
cipitate  rtlative  to  other  sections  of  similar 
temper. 
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Alloy  52 


Step  Aged  Powder  Extrusion 


Figure  49 

Shows  the  structure  of  Alloy  52  powder 
extrusion  that  had  been  step~aged  24  hrs 
at  250*  ♦  20  hrs  at  330*F  after  solution 
heat  treatment. 
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S-293387-A  Oxide  Replica  10,000X 

Alloy  71-T6  Powder  Extrusion 


Figure  50 

Shows  the  structure  (longitudinal  section) 
of  the  extrusion  made  from  Alloy  71  powder. 

The  extrusion  was  S.H.T.  2  hrs  at  860*F,  C.W.Q. 
and  Aged  24  hrs  at  250*F. 
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Step  Aged  Powder  Extrusion 
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Fiqure  51 

Extrusion  from  Alloy  71  powder  that  had 
been  step-aged  24  hrs  at  250*F  +  20  hrs  at 
330*F  after  S.H.T.  Note  increased  amount 
of  grain  boundary  precipitation. 
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APPEfJDIX  A 


Statistical  Analyses  of  Alloy  Compositions 

Attempts  at  mathematically  selecting  compositions 
resulting  in  a  certain  strength  have  been  conducted  at  times 
during  the  course  of  this  contract.  The  initial  evaluation 
was  made  on  data  compiled  before  the  contract  began.  Two 
alloy  groups  were  investigated,  the  Al-Zn-Mg-Cu-Mn-Cr  and  the 
Al-Zn-Mg-Cu-Fe-Ni-Mn-Cr  series.  Equations  were  obtained  from 
the  data  and  the  predicted  optimum  tensile  strength  for  each 
group  was  calculated.  The  predicted  optimum  tensile  values, 
the  resulting  actual  tensile  values  and  tl  ■»  equations  are 
listed  in  Appendix  A,  Table  I.  The  predicted  and  actual 
values  are  not  in  close  agreement,  especially  for  the  latter 
series.  More  data  are  required. 

The  statistical  analyses  of  the  initial  39  alloys 
resulted  in  the  selection  of  the  compositions  of  Al?.oys  43 
through  59.  These  data  were  obtained  using  several  applicable 
statistical  tools.  According  to  the  evaluation,  V,  Zr,  Co,  Mo 
and  W  appear  to  have  no  significant  effect  on  tensile  strength. 
When  these  elements  appeared,  they  were  generally  all  present 
and  the  apparent  lack  of  effect  could  have  been  an  inability  to 
extract  information  from  the  combined  groups.  The  ranges  worth 
investigating  were  Zn,  8  to  11%;  Mg,  3  to  6%;  Cu,  1  to  2.5%; 

Mn,  1  to  2%j  Fe,  0  to  1.5%;  Ni,  2  to  5%;  Cr,  0  to  0.1%;  and 
Ti,  0  to  0.1%.  The  analyses  also  indicated  the  "best"  compo¬ 
sition,  which  was  atomized  as  APoy  *9.  The  results  are  listed 


below. 


-145- 


/ 


Predicted  Actual 
T.S.  T.S.,  ksi 

Alloy  Zn  Hj  Cu  Hn  Fe  Ni  Cr  Ti  ksi _ hTtTTT  h7tTT2 

10.0  4.0  1.5  1.5  1.0  4.0  0.0  0.0  123.0 

59  10.2  3.9  1.6  1.6  1.0  4.1  -  -  —  99.3  83.9 

The  values  are  much  lower  than  the  predicted  values;  the 
reasons  for  this  large  difference  are  not  known. 

An  evaluation  of  the  Al-Zn-Mg-Cu-Mn  and  the  Al-Zn- 
Mg-Cu-Mn-Fe-Ni  alloys  was  made  to  determine  if  a  higher 
strength  alloy  could  be  statistically  selected.  Alloys  1  to 
3,  33,  35,  36,  39,  48  and  49  were  used  for  the  former  group; 
these  same  alloys  being  given  Heat  Treatments  II  and  #2  and 
evaluated  by  the  optimum  point  equation.  The  resulting  compo¬ 
sition  selected  to  give  the  highest  predicted  properties  was 
compared  to  alloys  with  similar  compositions  and  heat  treat¬ 
ments  along  with  actual  properties  and  is  given  in  Appendix  A, 
Table  II,  The  actual  and  predicted  properties  for  compositions 
given  Heat  Treatment  #1  were  good.  The  compos' tion  required 
to  give  the  optimum  properties  has  already  been  studied.  The 
multiple  regression  model  was  used  to  analyze  all  alloys  having 
a  yield  strength  of  90,000  psi  or  higher.  The  equation  ob¬ 
tained  is 

ksi  -  5.932  ♦  .5029  Zn  -  .0215  Zn2  +  .7205  Mg 

-  .0930  Mg 2  -  .0962  Cu  ♦  .0046  Cu2  +  .5335  Mn 

-  .1426  Mn2  -  .1826  Fe  ♦  .1622  Fe2  +  .1031  Ni 

-  .0437  Ni2  -  .4624  Cr  -  .0639  Ti  -  .1903 

(V+Zr+Mo+W)  ♦  .0485  Co  -  .0015  (Cr+Tl)2 

♦  .0082  (Mg  x  (Cu+Fe+Mn) ]  -  .0154  (MgxMn) 

-  .0010  (MgxZn)  -  .00008  (AlxMgxCu) 

-  .0011  (AlxCuxFe) 

Higher  strengths  were  suggested  if  the  Fe  were  raised,  the  Cu 
were  eliminated  or  maintained  at  a  low  level  and  using  Zn  11.7, 


-146- 


■ff, 


Mg  ■  3.87,  Mn  ■  1,87,  and  Ni  »  1.18.  All  other  alloying  ad¬ 
ditions  with  the  exception  of  perhaps  Co  are  detrimental.  A 
sample  of  the  predicted  yield  strengths  for  several  alloys 
follows: 


Composition, 

% 

Predicted 

Zn 

5T" 

Cu7 

Mn 

Pe 

Ni 

Yield,  ksi 

11.7 

3.87 

0.0 

1.87 

4.0 

1.18 

127.2 

11.7 

3.87 

0.6 

1.87 

4.0 

1.18 

127.0 

11.7 

3.87 

0.0 

1.87 

3.0 

1.18 

117.4 

11.7 

3.87 

0.6 

1.87 

3.0 

1.18 

117.3 

Between  the  initiation  of  this  survey  and  the  reporting  of 
the  results,  the  object  of  this  contract  was  changed.  This 
resulted  in  no  alloys  being  made  to  obtain  the  high  strengths 
predicted.  Comparisons  with  existing  data  are  not  feasible 
since  the  Fe  content  is  high  and  the  ratio  of  3  to  4  Fe  to 
1  Ni  has  not  been  investigated. 

In  conjunction  with  the  revised  objective,  an 
optimum  point  program  was  conducted  on  Alloys  52  and  62  to 
72.  Each  heat  treatment.  Nos.  1  through  3,  was  evaluated 
separately  to  give  the  highest  elongation  and  the  yield 
strength.  The  results  are  given  in  Appendix  A,  Table  III. 

Also  included  are  data  for  Alloy  71  which  has  a  similar  compo¬ 
sition.  The  agreement  between  the  predicted  and  actual  yield 
strengths  is  quite  good;  the  agreement  between  the  elongations 
leaves  much  to  be  desired.  Regression  analysis  was  obtained 
also,  the  predicted  elongation  and  yield  strength  for  two  alloys 
calculated  from  the  equation.  These  results  are  given  in 
Appendix  A,  Table  IV.  An  alloy  with  a  higher  elongation  is 
possible  by  lowering  the  Zn,  Mg  and  Co  and  setting  the  Cu  at 
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1.3%.  Alloys  19  and  20  have  a  somewhat  similar  composition 
and  were  included  for  comparison.  The  elongation  model  pre¬ 
dictions  appear  quite  reasonable  but  the  yield  strength  pre¬ 
dictions  may  be  high.  In  comparing  the  results  of  the  optimum 
point  program  and  the  regression  analysis,  it  is  interesting 
to  note  that  though  the  indicated  alloys  differ,  the  general 
conclusions  of  lower  Zn  and  lower  Co  result  from  both  approaches 
Selection  of  alloys  by  statistical  »nethods  as  a  means 
of  obtaining  desired  properties  is  possible.  The  chances  of 
obtaining  a  reliable  value  depend  on  the  phasfes  present  in  the 
samples  and  the  logical  selection  of  composition. 
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Appendix  B 
Table  1 

HARDNESS  VALUES  OF  SEI-FCTED  APM  ALLOYS 


Alloy  Sample 

Number  Number  H.T.  No.  (a) 


Test 

Piece  (b) 


34 


283442 

283449 

283449 


2 

2 

3 


A 

B 

B 


38  28T454 

283459 
283459 


2 

2 

3 


A 

B 

B 


Rockwell 

Hardness 

G-79 


Brlnell 
Hardness  (c) 


(189) 
230  (e) 
229  (e) 


210  (e) 


39 


283463 

283467 


1 

2 


A  G-71  1167) 

A  G-80  (192/ 


49 


283471 

283472 


2 

2 


G-84  (210) 

G-79  (189) 


50  284130 

284110 
283484 


F 

2 

2 


C  B-56  (90) 

c  G-86  (  220) 

A  G-84  (210) 


52  3  07454 

307454 
307455 
307455 
3074  51' 
307454 
307455 


284131 

284131 

284131 


307455 

283497 

284131 


1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

3 

3 


E 

F 

C 

F 

E 

F 

E 

F 

A 

D 

D 

D 

D 


G-84 


190  (e) 

189  (e) 
188  (e) 
186  (e) 
195  (e) 
204  (e) 
182  (e) 

190  (e) 
(172) 
226  (d) 
213  (e) 
204  (e) 
219  (f) 


62  307321 

307321 
307321 
307321 


1 

1 

2 


E 

F 

E 

F 


186  (e) 
181  (e) 
190  (e) 
188  (e) 


64  307323 

307323 
307323 
307323 


1 

1 

2 

2 


E 

F 

E 

F 


176  1 e ) 

186  (e) 
176  (e) 
192  (e) 


71  307330 

307330 
307330 
307330 


1 

1 

2 

2 


E 

F 

E 

F 


191  (e) 

192  (e) 
185  (e) 
190  ( e ) 


(a)  Heat  Treatment 

F  -  As  Fabricated. 

#1  -  SHT  2  hrs .  at  b60°F,  CWQ.  Aged  24  hrs.  at  25COF. 

#2  -  SHT  1/2  hr.  a*  920°F,  CWQ,  Aaed  96  hrs.  at  225°F. 

#3  -  SHT  2  hrs.  at  860°F,  CWQ,  Aged  96  hrs.  at  225°F. 

(b)  Test  Pieces 

A  -  Broken  tensile  specimens  from  2  in.  dia.  extruded  rod. 
R  -  Rolled  plate  from  hot  press  forged  compacts. 

C  -  Slices  from  hot  compacted  billets. 

D  -  Section  of  rolled  plat,.-  from  1"  x  4-lA"  extrusion 
1/2"  thick. 

E  -  Section  of  roller  sheet  from  1*  x  4-1/4"  extrusion 
1/10"  thick. 

F  -  Section  of  rolled  plate  from  1"  x  4-1./4*  extrusion 
1/4"  thick. 

(c)  Values  in  parenthesis  are  converted  from  Rockwell  to  Brinell 
Hardness  values  using  a  TOO  kg  load  and  a  10  mm  ball. 

Source:  ASM  Metals  Handbook,  1948  Edition,  p.  101 


(d)  15CC  kg  load  and  10  mm  ball. 

(e)  500  kg  load  and  10  mm  ball. 

(f)  3000  kg  load  and  10  mm  ball. 
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FIGURE  i 

THE  EFFECT  OF  PROLONGED  AGING  ON  HARDNESS  OF  ALLOY  52 
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APPENDIX  C 

Fatigue  limits  were  determined  on  smooth  (unnotched) 
specimens  machined  from  extruded  stock  of  Alloys  52 ,  62,  64 
and  71.  The  specimens  were  given  Heat  Treatment  #1.  The 
results  are  compared  with  the  7075-T6  product  scatter  band. 
Figure  1.  The  fatigue  limits  of  these  alloys  generally  fall 
above  the  7075-T6  band  with  a  few  falling  on  or  just  below 
the  upper  limit  of  the  band.  The  fatigue  limit  for  Alloy  62 
is  approximately  32  ksi,  for  Alloy  64  approximately  31  ksi, 
and  for  Alloy  71  approximately  32+1  ksi.  No  fatigue  limit 
wa3  determined  for  Alloy  52  because  of  testing  difficulties. 

Additional  tests  were  made  outside  the  contract  but 
are  included  in  this  report.  Smooth  (unnotched)  and  notched 
specimens  of  Alloy  71  extrusions  were  given  Heat  Treatment  *1 
and  also  step  aged.  Figure  2.  The  notched  specimens  are  at 
least  as  good  as  notched  7075-T6.  The  smooth  specimens  are 
better  than  7075  smooth  specimens.  Step  aging  does  not  appear 
to  improve  or  have  an  adverse  effect  on  the  fatigu  endurance 
limit.  Alloys  05  and  86  also  show  similar  fatigue  endurance 
limits  in  the  smooth  and  notched  configurations.  Figure  3. 
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